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"INFLUENCE: OF ARCTIC OPERATIONS 


“FUTURE SHIP DESIGN:*" 
by 


ai brs 


With the advent ‘of modern efficient high- powered propelling 
plents and welded hull construction , it is now, possible to. consider 
operation of especially constructed ships in the Arctic: sea. and 
other ice-infested cold ocean areas formerly denied the mariner. 

The ‘Arctic ocean may be described as being ‘contained in 
submerged bow! ontop of the earth. The rim of the, bow! 
sists of the continental: masses of Eurasia and ‘North Ameri 
In this bowl is’a thick coating of ice that builds up ih, thickne: 
and extent in the winter time and recedes from its boundaries i 
the summer, making it possibile for ships 1 to traverse its perimeter 
in rélatively open water in the latter season.” "This ice cap has: a 
rotary movement from east’ to west and duriig watm seasons of 
the’ year portions of te icé “the Of ate ‘cal rie 
through Denmark and’ Bering is generally’ believed 
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that seven feet of ice is formed in one year on the polar ice cap > 
and that three years elapse before it drifts south. The thickness 
of the ice cap is far from, ludiform, as shifting winds and currents _ 
create tremendous forces within the ice cap which break the sur-_ 
face and pile the ice into masses to form pressure ridges, hum- 
mocks; and windrows ; of Narying, and) at isregular 
intervie: Such is then known as “Storis”. Near the. great. 
land masses stich-as Greenland; great glaciers of ice flow to the 

seato break off and become i¢ebérgs of such proportions that 
aa must be avoided whenever and however met. For’ _Purposes | 
of this article, navigation ‘through Storis and sheet ice only is 
considered, 


The attempts of whalers. and explorers. to,penetrate the eis: 
in the past are well known.,, Experience in the navigation of | 
polar ice’in’ modern timeshas demonstratéd that vessels are 
afloat which can match, the. forces of nature, and succeed, in’ 
operating where former cockleshell vessels and their hardy crews 
succumbed. Icebreakers. of the U. S. Coast Guard ‘Northwind 
Class”, of which two are operated by the Coast Guard and three 
by the Russians, have successfully combatted the Arctic. In_ 
addition, two vessels of the same, design have been built for the 
Navy,.the Edisto and Burton Island. . The-Northwind negotiated 
Kennedy Channel and Halli Basin as far as 81° 44’ North Lati- 
tude, just off Cape Murchison, Ellesmere Island in August, 1946, 
and the Edisto penetrated to..75 degrees N. Lat. east of Green- 
land in October, 1944, .The Northwind is presently acting as the 
spearhead, breaking a path through South Polar ice fields of 
considerable size and thickness for the central group of the Byrd 
Antarctic’ Expedition. 

‘The first icebreaker built to the Coast Cined account was 
turned over to the Russians i in 1943 and renamed the Severny 
Veter. This vessel operated successfully in the Sea of Okhotsk 
during the spring of 1943 and then proceeded via the Northeast 
Passage to the White Sea, where it has since operated, ' No. 
direct reports have been made. on its operations there, but it 
must have been favorable, as the Russians requested two more 
of the same type in 1944. The Westwind, renamed the Severny 
Polys, and the Southwind, the Admiral Makaroff, were transferred — 
to the Russians i in the fall of 1944 under terms,of the Lend-Lease 
Act. The Russians recently announced. that the Severny Polus 
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was making an from. west, to. east, at high latitudes 
north of the New Siberian Islands.. This evidence would indicate 
that the ships perform well during at least the warmest seasons 
in the Arctic. Winter operation in the Arctic, except where the 
Gulf Stream laps around the northern tip of Norway to Mur- 
_mansk, with modern ships is unknown ; aside from the Russian 
icebreaker Sedov 1937-40 venture, when the ship was frozen in 
the ice cap and eventually was released by the Joseph Stalin 
northwest of Spitzbergen_ at about 80° N, Suites The exact 
facts of this episode were unreported. 

The fundamentals invol ved ‘in the design of vessels to combat 
Arctic ice fields aré we'l delineated in the recent paper, “‘Develop- 
ment of Ice-Breaking ‘Vessels for the U. S. Coast Guard”, by 
Rear Admiral Harvey F. Johnson, U.S,C.G., read before the 
Society of Naval Architects and Marine! Raginesre’s in 1946, and 
the principles propoundéed’’ therein ‘are hereafter generally 
extended to cover the subject matter. aa 


TYPES 


For purposes of this article, ships traversing the Arctic are 
divided into two classes—those which can break or work ice and 
make their way unassisted in any. floating ice except glacial, and 
those unable to cope with ice. The first class includes such types 
as icebreakers and combat ships of the cruiser or aircraft carrier 
type. The second category would include the auxiliary vessel 


THE TCEBREAKER, 


“The icebreaker must be. heavily powered with installed shaft 
horsepower of at least two to three or more times the. displace- 
ment. The length of a ship which proceeds alone should, be. the 
smallest practicable: to. advantage .of maneuverability 
inherent, in a short length; and thus be able to. follow tortuous 
leads in ice fields. However, if the:ice-breaker is to convoy ships 
of less power and strength, a length and beam greater than that 
of the convoyed ships is desirable; the ‘greater length to insure 
that the lane broken in the ice has no. greater radius of,curvature 
than, the following ship or ships can negotiate; the greater beam, 
of course, to insure width of lane or channel. .. The draft should 
only be limited by consideration, of channels in home or foreign 
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ports'atid bars to be negotiated ; the deeper the propeller tips are 
canal the surface! the Jéss the chance of damage. 
“he hull’ underwater ‘body should be ovate, that is, like half 
an g-shiell’ with no fiat surfaces presented to the ice, with the 
slbpe of the ship sides’ about twenty degrees. The bow buttock 
slopes ‘should be very gentle and should be refined as necessary 
by thickness of the maximum ice to be encountered. The hull 
must be. essentially’ “double-ended to be effective in a sternward 
as well'as forward motion, with as much protection as possible 
given the rudder and other hull appendages. © 


tiga should be sufficiently strong so that when } ice fields of 
limit ess. extent beset the vessel, it, will be lifted out on. the ice 
ot be , crushed, ‘by the unlimited forces encountered. This 
weigh cht of the ship to. be lifted is known, making calculation of 
forces. and structure to.withstand same a matter of usual mathe- 
inatics: ~ The shell plating and framing in the bow and water line 
regions require additional strength to allow for impact reactions. 
The main propelling plant must-of necessity be capable of pro- 
ducing large wers economically and flexibly. Electric drive, 
with its éase'o pry is a. must to prevent damaging impact of 
propéllet blades On ice masses. Economy of operation is neces- 
sary to obtain great crusing radius, because not only are distances 
great between’ fueling ‘stations, but also there is always a possi- 
lity that’ the shi may be frozen in and immobilized for long 
periods’ of time. ” ‘Multiple screws will be required on an Arctic 
icebreaker to obtain thrust of great magnitude. In Arctic ice 
that is of thickness greater than the draft of the ship, bow pro- 
pellers may be vulnerable, and such a practice is not ordinarily 
recommended. The projected Canadian icebreaker, however, 
has two bow wheels, and onlyexperience ‘will justify their fitting, 
although it is quite probable that good icebreaking qualities and 
wianeuverability are obtained thereby.’ Propellers’ should be 
designed to 6btain maximum thrust at zero of advance 
have extremely re ‘sections. 


OF yp PRE AUXILIARY Type, 
Vessels for inthe Arctic must contain such 
as classification societies, and in’ addition other 


fattdrs ‘should! be considered, even though’ such vessels are 
escorted! by icebredkers!! Ice fields are rarely and, 


. 
. 


INFLUENCE OF: ARCTIC OPERATIONS ON FUTURE SHIP.DESIGN, 143 


even though.a channel is cleared by the icebreaker; the force of 
winds and currents on the ice field may cl e channe} immedi- 


ately astern of thé icebreaker, “Under sich ‘diréumstandes 
ice friction developed along the vertical sides ‘of the usiial ‘cat i 
vessel will act to retard or’ stop ‘forward’ motion ‘inti freed ‘by 
_ return runs of the ice-breaker « or shift of wind and cutrent)’ “"?* 
Future auxiliary ships should be designed to take such Pe 
occurrence into consideration, by shaping the hull so that no. flat 


surfaces are presented to the i ice, A commercial type, kj own as . 


the Isherwood Arc Form, is, in existence, which will give "the 
approximate cross sectional shape required and, by, siepaaeing 
with usual parallel middle body in fayor, of curved waterlines 

superior shape to force ice leads will result. Ships with a paral ll 
body fit so snugly in a broken ice channel that. changes i in direc- 


tion are often difficult, if not impossible, to make, Shape i in the 


waterline will aid) in steering the vessel, as a-change of several 
degrees in the ship’s heading can readily be obtained, even 1 though 


the sides of the channel are parallel and the channel width equal 


to the beam of. the ship, otai. 


A great portion. of ice by ; an goes down under 
the hull and reappears on the surface,astern, This i¢e in. turn 


must pass under or around the conyoyed ships, Such action.is © 


facilitated if a cut-away bow is worked on, the convoyed vessel, 
as lines of flow along diagonals will, be much less acute, In a 
narrow or narrowing, channel with, normal bluff, bows,. ice may 


stay on the surface and work aft to,create a wedging action... da 


addition, a sloping forefoot will aid! an-auxiliary, vessel, to. break 
ice unassisted tola on its shaft 

‘To be’ certain that’an will 
shifting’ ice fields, the plating and framing’ should’ be of: stifficient 
strength so that the vessel will be lifted cléar of irresistible’ fortes. 
With well-shaped underwater bodies, the forces imposed are ‘Hot 
of great magnitude and can be provided { for. with, little increase 

The Coast Guard Cactus Classes 

cargo vessels, designed with; these ‘principles, in,.mind, and; 
been successful bothias cargo carriers and icebreakers in. northera 
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> Drsicn Factors Common’ TO 'Borm Tyrzs. 


should be of heavy cast steel type, and 
that maximum thrust is obtained at zero speed, of advance. Me 

Special attention should be given all underwater body append- 
ages to insure rugged durable details. Bilge keels of the ordinary 
type are very vulnerable and may be easily seyered from the 
ship’ s hull by the broken ice coming under the bottom. To have 
such bilge keels curl up like the top of a sardine can is quite’ com- 
mon. Double plate V-shaped bilge keels have been successful 
on smaller Coast Guard cutters. On large vessels, for structural 
reasons, bilge keels should not be fitted. 

Electric drive, with its ease of control, is indicated for ‘all 
vessels working in ice. With pilot house control, it is possible 
to control a propeller to prevent striking large ice bodies, minimiz- 
ing ropeller and shafting damage. _ 

4 ips with ordinary sea chests or scoop inlets for circulating 
water will experience situations. when ice will plug up the inlets, 
‘stopping all machinery until cleared. ‘By’ injecting the discharge 
back into a special design of sea chest, it is possible to keep the 
‘suction Clear of ice and obtain any desired temperature of cooling 
‘water. In addition, a recirculating sea chest provides a ready 
‘source of warm water which can be connected to the fire main to 
‘combat icing conditions or topside. ; 

~ ‘Future ships fot Arctic service must havé provisions made for 
the comforts of the crew. ‘Insulation, ventilation and heating of 
quarters and machinery spaces réquite’consideration of the low 
atmospheric temperatures ‘that may be encountered. 

great importance when considering ‘the low 
involved is the quality of material that is to make up the hull 
and deck erections: Low temperature coupled with shock load- 
ings enhances the probability of.cleavage fracture in steel many 
hundreds of times over that which, might occur, in tropical 
climate. It therefore behooves the designer and shipbuilder to 
use great caution in avoiding discontinuities and notches in the 
‘structure and welding. In addition, all steel subjected to low 
atmospheric and water temperatures should be tested for notch- 
to insure’ trouble-free operation: 

When’ considering future ships, thought must be given to an 
atomic ‘power plant: ‘They should make the ideal power plant 
for icebreakers and ships in Arctic service. Weight and space 
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presently devoted to fuel can then be utilized for additional - 


power and hull strength to create the “irresistible force’ to over- 
come ‘the ‘immovable body’ Of the frdzen polar ice’ fields!“ 
If full knowledge’ of the physical properties of ice existed, it is 
possible that a more rational approach could be made to the 
subject matter. Little data have been published on the tensile, 
compressive and shearing strength of salt and fresh water ice as 
existing under natural, could be 
determined (It does not seem like such a big job as compared 
with other research projects presently underway) and thus open 
the way to analyze ice-breaking in a scientific manner to end the 
challenge of the Arctic and Antarctic. 
‘From the foregoing: it ‘canbe Seen” Arétic operation of 
ships influences practically’ all’ phases OF Ship désign!’> Mulls will 
be shaped and strengthened to break ice, resist its forces of com- 
pression and in . , Bow, stern and midship bodies must be 
by the thickness of ice eficotntered father than the tequitethent 
of speed in open water. Matérial of hull, character of propeller, 
circulating water and‘ hotel! accommodations for crew all require 
special attention. “The Worthwind Class-icebreaker as demon- 
strated that Arctic iceicati:be conquered tinder certain conditions. 
It now appears entirely possible that the future willsee asfurther 
development of. this typé which willh:be capable: conquering 
the Arctic seas under .anyiand ol! 
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OF THE CAUSE: OF HARD SLAG DEPOSITS 
ON-FIRESIDES. OF ‘NAVAL ‘BOILERS. 


in, war, a new , and severe boiler. casualty began to 
‘Slag deposits. formed on. the firesides of superheating 
tubes:—heavy enough to completely plug gas planes, over much 
of the superheater ; and hard enough to resist all efforts to remove 
them... The condition has sitice appeared to some degree in nearly 
all classes of ships, operated by the Navy; with deposits on both 
horizontal and as. as.on both and 


od 


exits for all, Naval. boilers are composed of a screen 
of ‘two, three or sometimes four rows of larger diameter tubes, 
set, on, wider, spacing than, those, following, These screen tubes 
are immune, slag forms,only on the tubes, immediately following. 
Figures 1, 2, and.5 are photographs: fromian ACV, a CVL, 
a CL, ian LSD, DD: ‘They'ateall views of: conditions on 
the: front of) tubes that immiediately follow the screen. Figure 4 
shows the generating tubes: of a’ saturated boiler; while the others 
all show the tubes of superheaters. } 


InaBiLity To Cope with GrowTH or Deposits. 


Soot blowers, strategically located have been the time-tested 
means for protection against growth of deposits. The new type 
of deposits formed in areas hitherto immune. Because of this, 
and the fact that such areas were subject to higher gas tempera- 
tures than commercially available alloys could stand; no pro- 
tection had been planned for. That for adjacent areas was wholly 
inadequate to carry over and had no effect. The nearest, on 
standard boilers, is situated just below the superheater, in. back. 
of a stud-tube shadow baffle... Falling debris from the superheater 
tubes frequently buried the soot blower element in a mass of 
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fused. debris, as: though ‘buried in ‘concrete, It could.not even 


protect itself, let alone protect. superheater tubes. War time - 


practice, of haying. all boilers in service always, when at sea, and 
of ships remaining at sea. for, maximum periods, prevented the 
laborious hand work, which have kept deposits 
under 


{tt 


Peri * Hoth, 

o Gas are slag deposits, and 
among of oil can be burned by the-same: air. horsepower input. 
Boiler capacity and ship speedare thus reduced, _ 

Heat absorbing surfaces are fouled by slag deposits, and boiler 
efficiency reduced. Cruising radius i8 thus reduced. 

“Protective radiant cooling ‘for boiler ‘structural’ members, is 
diminished’ when the cool boiler tube ‘sutfaces are covered with 
hot-surfaced slag ‘deposits.’ Many’ stiperheater tube’ supports 
butted; Fequiritig’ tt ‘renewal repair 
then," 

Gas flow areas by slag’ caused excessive gas 
velocities, ‘through areas remaining open, They also caused by- 
passing through partially closed’ off end ‘and " top seals, This 
resulted in “torching” which often caused’ burning out of ;—tubes, 
baffles, and casing panels. Figure 6 illustrates a 1 burned casing 


Nature oF" Devostts. 


analyses of “slag. samples indicate, to. be 
heterogenous: a..mixture, composed, of half. to, two, thirds, 
either, of sodium, sulphate or, ofa mixture, of sodium sulphate 
and vanadium, pentoxide; plus lesser. amounts, of the, oxides of 
calcium, magnesium, silicon, iron, and aluminum ; plus yery) small 
amaunts, of many other, oxides. Vanadium. i is found.,only with 
fuels that haye come, from, certain fields. No chlorides, carbon, 
or carbonates are commonly, found, ,Slags. lack uniformity. 
Different samples from, the same boiler. often differing as..much 
as if from different boilers. Analyses for the. same constituent at 
sections a quarter inch apart. in; one lump in. one, 
and 21%. in the other, sods 21 ted? 
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Puysical Nature or’Deposrts2£ been) 

_ The physical nature of deposits varies “considerably : from ‘4 
chalky matrix filled with vitreous nodules, to a vitreous ‘matrix filled 
with chalky nodules. It appears that basically, slag'i is much Tike 
a very fine grained and dense chalk which undergoes | varying 
degrees of fusion for some, but not all, components ; a fusion ‘that 
takes place only after deposition, The chalky part is soft enough 
to be scrubbed apart by hand. The vitreous part is often hard 
enough to cut glass. Figure 7 illustrates the high content’ of 
crystalline, of ‘vitreous, character in’ very°hard: 
sBustrates the low content in softer slags. 

fixttoads 


FUEL DEsIGN CHARACTERISTICS. 


Fuel. oil today i is a,more or less waste from. 
eries making many other saleable products out of crude oil, But 
it is a product with certain sales value, and for this reason ‘subject, 
within a fair degree, to buyers specifications. Fuel, gil is basically 
the remaining dross after all lighter components have been. dis- 
tilled off from crude oil and the rest, sent through a second _pro- 
cess, which causes chemical changes to produce ‘still more Aistil- 
late, leaving a practically non-distillable residue, which has. been 
cooked to 750°F or more. The very, maximum | of distillation 
products haye been removed from it,, It has been, ‘effectively 
cleaned of contaminating matter during processing : but remains 
a very viscous tar, with a high ignition temperature, and a mini- 
mum of vapor forming properties. It is far too thick and viscous 
to be transported or burned as a fluid. Some of the less valuable 
distillate previously removed is therefore tsed'to put thé into 
solution, carefully blended to produce the desired viscosity. “Fuel 
oil then, is a non-distillable tar held in soltitiot by a light’ ‘dis- 
tillate. Just as heating separated the distillate originally,’ go. Will 
any futther' heating }—only ‘a bit more’ easily. Navy fliel held 
to a maximum of 0.1% of ash, but avetages only about half to 
three quarters of that, It is also held within’ 15 and 25'SSF at 
122°F., averaging about 21 to 23, Moisture is negligible. ‘There 
is roughly '11% hydrogen and 134% ‘sulphur i in it, much of the 
hydrogen coming from the solvent. 

For several reasons, fuel oil is subject to Seawater contamina. 
tion during all the time that it is aboard ‘ship, ‘including time 
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aboard the tanker as well as on'the consuming ship. No accurate 
figure is determinable’ for the amount of sea water contamination 
as-fired. ‘Many ships, through considerable effort, may hold it: to 
1 or 2%; but'for many others, probably most others during war 
time, the figure is’ indeterminate and considerably higher. Sea 
water adds chlorides, carbonates, sulphates, and ‘silicates, plus a 
host of lesser contaminants. The chlorides and carbonates react 
in the furnace with sulphur in fuel to form sodium sulphate. 

Fuel oil as-fired ‘is therefore, a high ignition, high viscosity, 
non-distillable and sulphur bearing tar ; held in solution by a thin 
petroleum, distillate; and contaminated to unknown degree by 
sea water. It was originaly blended to be atomized at 150 SSU, 
which viscosity should, result when. oe to within two or three 
of 135°F. 


Botter CHARACTERISTICS, 


There. are many different designs of boilers used by the Navy, 
but one of them: is in great preponderance for combat ships ;— 
The superheat-control boiler, It alone will be considered here, in 
the interests of breyity. It has two separate furnaces, but only 
one uptake. Oil burned in one. furnace is used to superheat: the 
steam made by oil burned in the other furnace. Gases from the 
former are sent through a superheater, which is protected from 
the intense furnace. radiation by a small and. loose screen of 
generating tubes, and discharged into the saturated side furnace. 
All gas is sent through the generating’ tubes of the saturated side 
‘and then through an economizér tothe uptake: Saturation tem- 
‘perature will be’ close to 500°F. 'Superheated ‘steam ‘temperature 
‘should be close to 840°F. "When operating properly, very 
the same amount Of oii is butned in both furnaces. 

 Superheaters are most frequently built of one inch tubes on 
1% inch pitch. They are in staggered rows, 1-5/16” apart. Four 
hairpin loops are: nested horizontally, so that’ gas goes through 
three vertical rows of screen tubes, and then through eight hori- 
zontal. rows of superheater: tubes before 
furnace to merge with the gases there. 


The size and output of boilers of different ships will vary. 


hold. quite constant. 
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150 STUDY OF THE CAUSE OF HARD SLAG DEPOSITS, 
»:Allb sizes are designed -for a satisfactory. performance between 
10 and:120% of designed full power. The 10%:value.is!ordinarily 
that load required for peace time cruising one) boiler. 
War: time cruising speeds ate higher, taking about: double :this 
load, and. all boilers are kept on: the’ line: A. four boiler ship then, 
normally» operates: with boilers at of | in 
but of in war: time. 79229! 10. 

rid soso, adh 


“Naval furnaces are designed for considerably maximum 
heat telease than is ever found’ in merchant practice. Al ‘can 
burn satisfactorily ‘48 imuch ‘as gallons cubic’ foot” of 
furnace volume per hour; at which fitne the’ ‘furnace’ temperature 
will be 3000-3050°F. Furnace temperature is a futiction 
lease rate, decreasing as the load decreases, When values 
approach 1800°, combustion becomes poor, causing instability of 
igttition: It’ cat be assuined thén, that ‘the temperature’ range for 
Naval furnaces will be'1800-3000°F’ for ‘loading’ rates between 
10 and 120% of full power! The fact that ‘Héatiy all war time 
operation’ is at loads*below, of closely bordering’ those at which 


BURNER’ 


In there are. two burner registers, used combat 
‘vessels, one, with a top capacity, of about,.1200 pounds of oil per 
hour, other about 2100, The, performance. of, both, 

similar, the ability, to .produce,an average of. 13,5 to 14.0%. 
at all loads between, 10 and;1209% .of, full boiler power,. The.1200 
and. 2100 pound loads can be, increased. for, 
ship requirements. , 

Atomizers consist of sprayer, vere, both, of whi 
have several. minor, variations... 4.» 

Sprayer plates for steaming loads are: 
blank; which has the same»size whirl chamber, has:its: outer face 
dished, and..has the outer edge.of its orifice rounded. The orifice 
diameter is,varied for capacity. The tangential slots have:a total 
cross section area, determined both by size ofsonifice-and angle 
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of spray desired.’ It clstomiary to‘eut slots small plates 
and ‘six on large plates. 

There is but one désigi OF the “semi-wide range”. 
It displaced the “ststidard” nozzle, from! which it is'a direct copy 
in’ all but oné “dithensiGn, just ‘as 'the “fecent’ war came on. ‘The 
is in? didiméter“Of the ‘nozzle boss: That on 
the “semi/wide” ‘nozzle’ is’ 3/16” while’ on the “standard” it is 
controversy exists as to whether ‘this ‘change has 
proven’ efieficial ‘or harmful. Tts effect’ isto shorten ‘the length 
Of the closed’ ‘portion ‘of the tangential slots) to 
abotit 13%° of ‘their’ origitial’ value. Conversion’ from ‘stati¢ to 
velocity head | is ‘accomplished ‘in ‘these’ resistors.’ The decreased 
resistor ‘feduces its ‘friction, ‘which results in a slightly 
higher “eapatity'| the “semi-wide”’ than’ for ‘the “standard”. 
Its altered dimension does ‘tot ‘affect’ the hydraulic principles 
involved in’ ‘width Of range, a8 is ‘easily ‘Seen by com- 
parison of published capacity ctirves.' The'same change in atomiz- 
ing presstite produces’ the ‘same’ percentage change i in capacity. 
The nozzle very unfortunately, mis“named. Arbitrary assump- 
tion, that the: reduced ‘resistor friction would permit’ lower’ atom- 
ization pressures led to ‘early sanction of 75 to 300 pounds as the 
range! for’ “semi-widé’”’ tiozzles, while “that for’ the “standard” 
remairied unchanged at to 300’ pounds.’ That'this assumption 
was incorrect has’ been’ récognizéd;'and the lower limit’of atomiz- 
ing ‘presstires has gradually’ beén''raised. Many reports of poor 
atomization iticrease ‘the ‘allowable minimum pres- 
sure. Several other possible causes are’ also co-incidental, but’ it 
must be ‘recognized that hard’ slag has’ been found only during 
the period when these adverse: reports of poor atomization by the 
range” nozzle were: ‘being received.” 


Oil-is atomized, or converted’ from ‘bulk’ to small droplets in 
to: increase its*ratio of ‘surface-to-miass. Liquid oil can not 
burn, but as al vapor ‘it ‘can:'-Chatige ‘in State requires absorption 
of heat. ‘Thus, time element becomes involved, ‘Rate! or time 
of heat absorption’ increases ‘directly “with the ratio! ‘of surface- 
to-mass:: For every’ time ‘that particle diameter’ can’ be teduced 
to half, time*of burning’ ‘will “also ‘be teduced ‘to half: And 
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conversely, particles twice as large will take, twice as long to 
burn. Good atomization produces droplets which probably aver- 
age about,4/1000ths of an inch in liameter, 

Atomization is accomplished by conversion. of static head to 
yelocity head in the. sprayer plate. A slow moving stream of 
bulk oil under high pressure, is made to flow through several 
resistors. in parallel. These convert all. static head. into velocity 
head, and discharge their high velocity streams radially against 
a curved deflecting surface. This surface is, shaped so that, the 
streams merge to form, a hollow parabolic stream having helical 
flow, which, on release from confinement, emerges, as a conical 
stream, The constantly increasing diameter of the cone thins 
the walls to eventual disintegration into, very small droplets, The 
necessary energy to tear bulk oil apart into small droplets comes 
from the pump horsepower input, as pressure, which is converted 
by h=-™“ into high velocity. Quality of atomization is therefor 
proportional to atomizing pressure, 

The resistors for conversion of static to velocity head are the 
closed portions of the tangential slots. They serve two, other im- 
portant functions, that of governing the quantity of flow, and at 
of direction of flow to the whirl. chamber. : 

The whirl chamber functions best when velocity. of the streams 
delivered to it are approximately 4000 \ft. per minute or higher. 
At this value, the whirl is. rapid enough, to. take on. a hollow 
character, with the walls thinning sharply at the orifice outlet. 
‘It is essential for good performance.that..the parabolic stream 
have. this hollow character. Leakage past the. resistors weakens 
the velocity of their delivery, as well.as introducing oil in a direc- 
tion which tends to destroy the hollow, character of the parabolic 
stream. The dimensions of the whirl chamber are.fixed. Then, 
enlargement of orifice for higher capacity results in a thicker 
stream on delivery to the orifice, with resulting ‘coarser particle 
size. Also; enlargement of the tangential slots for:higher capacity 
results in a delivery decreasingly, tangential and increasingly side- 
ways, which weakens the hollow.character of whirl, arid 

The sprayer plate is designed and tested,for oil-having a very 
definite ease-of-flow, a, viscosity of .150,SSU. ‘An increase in 
viscosity thickens up the whirl chamber: stream and increases 
capacity at the expense of coarsened particle size. A decreased 
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viscosity thins the ‘whirl chamber stream. to. decrease capacity. 
But ;—since decreased: viscosity vis «the: result of overheating 
regular; fuel. oils, .it results. in. coarsened) particle, size because | of 
a generally, neglected.;reason. | Overheating causes, a, flashing to 
vapor, ;of, the, thin, ‘cutting stock” component of residual fuels, 
on the loss:ef static pressure at exit from the resistors. .The back 
pressure of a vapor-plugged whirl chamber, causes intermittency 
of flow., (The intermittency being the cause alike, of furnace car- 
bon deposits, and of tendency to cause furnace pulsation,...  _ 
__It.is a practical;impossibility to. measure particle size at atom- 
ization, except),in. a jrelative way. Particle size must 
enough to, satisfy, the ;time element invoved with passage of the 
particle from atomizer. to furnace exit, so that combustion will 
have been.completed within the furnace. There are many factors 
inyolyed in the time of passage from atomizer to furnace exit. 
One of the most,important of these is the velocity of:gas through 
the furnace, . At the. designed load of 10% of full powez, an oil 
particle will be in the furnace 12 times as long:as at the overload 
of 120%, of full;power,, There is a tendency to use an increasingly 
higher ¢ excess air.asload is decreased, which pushes the oil faster 
to the, exit than design calls for. Another important factor is 
furnace temperature,; Increasing load gives higher furnace tem- 
peratures: and faster combustion. But. the. temperature ‘at maxi- 
mum, load burns oil only 6 times faster than at minimum load ;— 
while it pushes it out 12 times faster. Still another factor is’ the 
throttling of air registers, It is the aim.of the burner designer to 
produce a cylindrical stream, of air having uniform velocity ‘over 
its, cross section, and. to cut across this witha conical stream of 
¢ oil, To throttle, or Partially, close, air registers results in high 
outer velocities, of, the, air cylinder, amdlow ‘ceritér velocities. The 
local high velocities. pick up the oil:particles and carry then faster 
to the, exit than, does a stream of balanced: velocities. The use of 
fewer and larger fires, rather, than’ more smaller ‘fires, give 
the same, effectias., the, throttling of :registers. Split’ plate firing, 
(different sizes of sprayer plates in use inthe furridée at the 
same time), gives the. same, effect.as) throttling: of ‘registers. 
Te are a great, many, factors involved: inthe ‘problem Of 
= 
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‘It has been indicated that ‘average ‘particle ‘size of well 
oil is’ probably “about 4/1000ths of an inch’ in diameter’ Such a 
figure is very controversial, depending ‘on ‘how ‘it was arrived at. 
Since most ‘values of are only, the is 

Navy oil averages about 0.07%: ash, ‘Then the 'size bt 
ash remains (if molten) from a droplet’ of ‘atomized' oil would 
be about 2 millionths iof ‘an inch ih diameter. ‘There are very’ good 
reasons ‘for assuming! that ‘the “réntairis’ of ‘oil droplets Burned 
completely’in the’ furnace’ are’ at least ‘half and carrying 
the unmoltén'compénents in slushlike forms!" 

Particles of fly ash’ from furnace burned’ oat a ‘size '‘that'is 
ofa second order of ‘magnitude. “As stich, sur face-to-mass would 
be infinity, and inertia’ would be’zero: "They would’have’ gas-like 
properties, in that they'¢ould be air-borne perfectly, and could not 
be thrown outrof:a:deflected stream. ‘They would be the’ opposite 
of gas as for their radiating ‘qualities. Infinity ‘ratio’ of 'surface-to- 
mass ‘would cause them to-radiate their heat to approaching Boiler 
surfaces and drop in:tempefature so 'fast‘as to become consider- 
ably colder tham'their gas vehicle.’ It is to be expected” then, that 
fly-ash: from oil fog buthed ‘in the furnace can “never’ build ‘slag 
deposits in: a: boiler; matic Bas which 
carries them. aude 

Particles of fly-ash fromm ‘not ‘but bined in 
status, may not /be as* patticl From 
burned oil.) Radiation) of heat during’ Combustion ‘might ‘be suffi- 
cient, to prevent any of the components "from ‘melting. ‘In’ this 
case, there would: be skeletal remains ‘with overall dimensions 
approaching that of the original drop.’ Surfaceto-mass would be 
even greater than for’ molten ‘particles. ‘It is ex ted then, 
that fly-ash from atomized:oil burned in the’ tube’ Can never 
build, deposits a and ‘be’ colder ‘than’ the gas 
which carries’ them.: 


Particles, of sot Gif that hasbeen 
atomized have a size whose magnitude is of first order. These 
will radiate slower than fly-ash, be thrown out of 
deflected gas streams. If wet and tar-iké*théy’ will spatter ‘and 
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Figure 1—S tac ForMATIon on 
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Ficure 2—Sitac ForMATION ON Front OF SUPERHEATER ON A 
CVL. Screen Fuses Have Been Removen. 


Ficure 3.—SLaG ForMATION ON FRoNtT oF SUPERHEATER ON A CL. 
ScreEN Tuses Have Been 
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Figure 4,—Stac ForMATION oN Front OF GENERATING TUBES 
In A SATURATED Borer ON AN LSD. Screen Tuses Have 
Bren REMOVED. 
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Ficure 6—Casinc Pane. Burnep sy “TorcHinc” or Gas By- 
Passinc UNDERNEATH A PLUGGED SUPERHEATER. 
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Figure 7.—HicH CrysTALLine, or Vitreous, CONTENT OF 
Harp Siac From A CVL. 
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Ficure 8.—Low CrystTaLLine, or Vitreous, Content oF Sort 
Stac From an AKA. 
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Ficure 9.—VIEw, 
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Figure 10.—View or Unper Sine or First Four Rows or Super- 
HEATER TUBES, OF SUPERHEATER SHOWN IN FIGURE 


‘ 


or 


= 
8 
= 


Ficure 11 


IN Figure 9. 


HEATER SHOWN 


ig 
£ 
i 
‘ 
4 
‘ 
} 
: 


Figure 12.—Ciose-up View or Conpitions SHOWN IN Ficure 11. 


Ficure View or Conprrions SHOWN IN Ficure 11. 
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Ficure 14.—View or Siac Between Firru anp SixtH Rows 
4 SuperRHEATER SHOWN IN Ficure 9. 
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Ficure 15.—View NucLet CHARACTER OF PLUGGING. 
Tue Inrt1aL OpstacLte ForMep BETWEEN THE THIRD AND FourtH 
Rows, BRoaDENED, THEN SpreapD To INCLUDE THE Gap AHEAD. 
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Figure 16—Tuickenep Siac Coatinc Waicn Has Crackep 
Loose, Heated Up, SorreNep, AND . SLIPPED. 
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Ficure SLaG COATING ON VERTICAL TUBES 


Wuicn Has Heatep Up anp Run. 
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Figure 18.—Rerer To Ficure 11. Ciors roo Heavy to SPAN THE 
Gap or THE INNER Loops Have Droprep Out or THE Gas STREAM. 


Ficure 19,—Drop or Formation Exposep sy WasHine Orr 
Licht SurFACE MATERIAL WITH WATER. 
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Figure 20—Crtor ForMATION ON THE FRONT FACE OF A SUPER- 
HEATER, Exposep By WASHING Orr Licut SuRFACE MATERIAL 
With Water. 
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Figure 21—Harp Siac Deposits on Front FAcE oF a 
SUPERHEATER. 
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—Harp Siac Deposits on Front Face or A 


Ficure 22. 


SUPERHEATER. 
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PERHEATER Wuicn Have Crackep Loose. 


Figure 23.—Harp Siac Deposits on Front Face or a 
Su 
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Figure 24.—Harp Stac Deposits on Front Face or A 
SUPERHEATER. 
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-Ficure 25—Harp Siac Deposits on Front FACE oF A 
SuPERHEATER, SOME OF WuicH Has SLIppep. 
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26.—“WETTED” 
Deposit on 


Ficure 
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Ficure 27.—“Wettep” Screen Tuses, SHow1nG BLISTERS ON THE 
Leapinc Epce, AND FEATHERS ON THE TRAILING 
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Ficure 28.—Tar Buisters on THE LEADING oF 
ScreEN Tuses. 
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Ficure 29—Tar FEATHERS ON THE 
ScreEN TUuBEs. 
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Ficure 30.—Rerer to Ficure 25. Tue Harp Siac SHown IN 
Ficure 25 Has Been Convertep to Drairppinc Mup By 


SwEATING witH Ice WATER. 
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stick: afid coke-like they. wilf probably’ carom off and | 


in thé gas stream for some time, 

“Particles of unatomized oil’ probably be ‘unburned, ‘wees: 
and so latge as to be readily thrown out of deflected gas Streams. 
They will ‘spatter, ‘to’ stick ‘on’ the first obstruction encountered, 

“There is little ‘possibility of atomized ‘oil particles, burned while 
gas-borne; building any form of hard’ slag deposit. There is con-" 
siderable probability ‘that unburned atomized oil drops will de=" 
posit on tube Surfaces in a wet cdtidition. “There is considerable” 
probability’ that unburned and ‘mnatomized | oil drops will deposit: 
on tube surfaces i in a. condition. 


When gas flows through a.boiler tube bank, hist 
probably above critical, for all. designed, loading, and the, fgrm of 
flow is turbulent,.A gas. film surrounds every obstacle i in a gas 
stream, so ‘fheré is'd gas film around « every tube. This ‘gas film 
has a definite thickness, and tends to adhere to the tube. Gas in in “i 
actual contact with the tube, remains in contact, and fixed. But 
immediately beyond contact, there thovelment, caused by friction 
drag: The form Of flow heré is lamellar, Gas: in the lamellar 
zone increases in Velocity ‘as it is further from the surface, in 
creases’ until ‘critical velocity 1 is attained. The form of flow i 
_ converts to’ turbulent ‘and ‘its forward movement due. to drag 
increases,’ ‘The acteleration of ‘forward movement ‘constantly 
decreases, tintil’ evéntually’ its velocity mérges with that of the 
stream: The ¢ffect of ‘these ‘films’ can be feadily measured, but _ 
their actual finite thitkness Cannot. They can only be calculated, 
Their ‘actual thickness i in Naval boilers is’ probably just a few one 
hundredths’ of an ‘itich.” Tey exercise considerable ‘effect on. 
boiler heat absorption, and on’ boiler draft’ loss. The temperature . 
of gas-films varies across their’ thickness, At ‘contact, it be 
that of the outer surface of the obstacle’ At’ the zone of crifical 
velocity, convention assumes ‘that it is’ that Of ‘the gas stream. 

The temperature ‘differential ‘then, is“cohfined to the zone of 
lamellar: flow,’ Gas’ filins’ exercise” twO “effects Upon any small 
particles carried in the gas:stteam. ‘Solid particles, before making. 
contact with tube surfaces; ‘willbe “opposed by’ a buffer action on 


reaching. the zone. and a, tendency 


carom off, back into the main stre: 10SE, W. which penetrate the : 


Be sharply and tend to le, carried fpr 
a in an ¢alde strata. of gas. They 
will, tend to be chilled. by the, colder gas, as, well as. tend to, be, 
by. to the nearby, tube, surface. Both. buffer. effect 
chilling effect will exercise, to. minimize the., ‘probability, of. 
ten; ash, ‘actually: contacting the surface. while still ina, 
ei wet, state, where it ¢an freeze on, In dry state, particles a 
ly. ‘not, ‘stick, If coating of slag is forming. on. 
e outer surface temperature will increase, eventually, 
_ ‘of melting for the lowest melting ingredient i in the slag. 
coating will takeva.“wet” surface. 
thickness will sirice additional fiiaterial~can no longer 
gain. a foot hold. s aod // 
10 “PROBABLE OF IN’ Stave ForicAtion. 


made, of ‘slag formation on the superheaters 
of crui Seems to point ‘the of events in the; 
in ‘question is a4 Joop Superheater 
and superheat-control. boiler which had been recently, cleaned |, 

1 's. force. , They scraped and washed it for two days, using,. 
Follow. ng the cleaning, the. boiler operated , for, , 
about five hours when a failure. caused it to. be secured. ....,,,.,, 


Phen. first observed, the superheater, was,in the initial. 


of comp plete, tube renewal, Some of, the tubes, having been burned,', 
away with: cutting. torches. “Working from the back, :(furthest;. 
the ‘superheater furnace), the. men. had. Sth 
the Oth and. Sth rows): but not clear, to the top 
through 4th, d, 2nd, and lst,rows, to. facilitate, examination. 
is a. ical view, ,of, the, superheater~ when, lodking:!! 
through th Screen the superbeater furnaces super} / 
‘photographs ha $ taken, before. cleaning; but. Figure 3! 
ae superheater oniaisister ship,’ 
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structed It is typical df expected: : 
for Figure 9,befere yale Jord 

Figure: 10 is: a photography at the: window) looking! up alicthew 
bottom, of the-tst; 2ndy: 3ndjoarid: ireimsob tthe! superiicaters 
showing the nature-of- deposits | dnbemestli: Ble vertied):! 
tubes at the leftrare:seréen the! | 
heat support tubes. Much of the deposit material .was iislédbéd:: 
and fell,awayiias the svindow. 
through/:;Cleaning seems toshave| done, 
the -fpontstabez adit 001% 201, 

ward the front of the cavity formed by the legs:ofitheimnet loops 
tubes. It is:rather-startling, inwiewidfthesiact 
had been considered cleaned by tube; faihires 

Figures,,12. and, d3, wert, clopeups of the condition iWusteated 
by Figure 11, aimed at giving a little better BANS 

In. to show conditions further back inthe saperheater, 
Figure, of material} between the.Sthoand, 
The view was taken looking up, alongside ofithe, Stherow, the 
bottom remaining tube in the 6th row. 

No attempt was ‘cdnditibns beyond the 6th 
Dubes:of' the:7th:and 8th rows were stilkexposedi below; But 
so much debris! had! falles} and beén’ trampled under tfoot, that’ 
validity, of such am: exhibit: been questionable. |Gonsd 
siderable effort was made to cledy away theldebris, 
quite evident: thatthe Pigure14! 
obtained alse! for the gap: between the G6thiand 
the 7th and 8th rows.! the 
had. a similar, condition 40 that ithe4tho as: shOwsor 
Figure ;-thouglt it was-possibly'a bit dighter.jo of} .nsil? 

Slag appears just beyond the screen 'tibes. Thedéposteprews!? 
in thickness until it bt 
this thickness it can.no longer 
at(maneuvering. The ‘coating: cracks the tebe? 
loosened, Flakes, or clots slated up ana! 
soften, then, slide-atound ‘the tube surfaicdo Depdsited’ 
moves. | these pieces will drop: aiid!" 
move further|back into: codlen tones. 
and othe boiler" Joad: will) 
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freezeand become fixed! in position? Béing ‘fixed, they will deflect - 
hot gas and stay. frozen, as obstacles: im:the gas istream,: Debris 
will pile up in: frent of them, as ‘well as:in:the wake of themy:since 
gas>ino boiler: banks ‘tends:toi mushroom in all directions to find: 
balanced distribution: through : each: | successives plane- of :tubes. - 
finally eausesithem to merge and ‘thus; large areas: become’ plugged: 
Figure 15, looking up under the four front tubes°df 'a'super~' 
such. a!zone of Plogeine: between 
igure) 16-illustrates the -cracking: loosening of anthick diy 
_ Bigure’l7 illustrates the of! sag: vertical 
illustrates cracked off: dots which were heavy’ 
dropped the flow-of gas. ‘They mye: 


atti Cause OF. _SLAGGING... Ov. 

t, slagged supérhéaters fies always pointed: 
_ tothe tubes and the ‘vulnerability! of those’ 
beyond, ;This.seems to-indicate hitherto’ unrecognized step) it’ 
thecpyocess:; one! which takes place on therscreen tubes, Figure: 
19: \wes;taken DD! \superheater after:some>of the surface” 

snatesial thadcheert temoved by water>washing!' A drop, or clot: 

formation ds) preséntjon the ear face; of ‘the superheater tubes:'’ 

Ityprovides a condition that is hard: to explain>in any: othér way’ 

.than,, the. result. of. the’: | 

frontifaee of.superheater tubes:on a DD. Again, water washing ' 

clear away) some of the outer materials® 

the deposit. hard:slag had ‘ever! been observed ‘onthe’ 

sereen,.tuubes ahead! of, these superheater: tubes: The’ cracking; 

» then, slipping» of slag clots, seertis 0 

oAfigures 21, 22923; 24, and 25, like Figures:19 and 20 all'point’ 

step jin a process which! must first ‘take’ place 
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the sereen tubes before the: 
“roughness ‘of coat on°the superheater tubes! seems ‘to belthe’ resiilt_ 
-of large particles ‘coming ‘to rest farger 


study of the screen tubes of Figtire presented ini’another 
view of then it 26 and 27: Tit thiebe' two it! tat! be teddg- 
‘nized that\atomized off has impitiged the con- 
densed to.a “wetted surface” condition,’ been carried afoulnd the 
_surface ‘to thé trailing vedges, and>“éripped-off” ‘the ‘drag 
of: passing “Dhe whitened fringes*at the teadirg! “are Of 
blister edges which ‘have curled away fort’ the prote ve tube, 
and’ in: which lithe tar hat’ beeiv reduced "to The” feathers 
at the trailing edges, like icicles from thé°pore roof, Mdicate a 
‘drip’! of, passing. fluid; The genierallackof swhitene@iash “fringes 
feathers indicates! a fair: cooling ‘effect ‘dueto Woluthe “of 
flow. ‘Only wher) they! curl sharply awayotront: 
the. tube, do: thiey: birmland resolve bes 
Figures 28 and Blistéts, and 
feathers. 

-.On) séveral: occasions; UF screen ‘tubes ‘to pata slag 
‘ts been mentioned.) While ‘inimtine’ to’ hard ‘slag tu 
ave seldom clean’ when ‘observed, “‘Tnstead, ‘they have a coating of 
very different nature that’ ‘is ‘thitt, jlackened, brit 
crackedpand aswally’ petling in'large’ flakes,” “Mote often t an no 
‘it lalsoxexhibits: degree of dlisteFing. bonding 
tubes (very and'rubbing ‘By’ hand often 
clean it from thie Tt'is, without question, ot which has n 


tar, coke; atid ‘ash. ain to 


wisd .I spre 


‘When the liquid’ ets i in ‘fogs impinge 

are flattened ‘oat’ by the’ impact to extr films whigh hich 
and collect to “wetting” ‘of the 
will do whether completély Teyerted ‘to res 

of is still in ‘its original ‘state. ‘Figure 26 Wid clearl y in 
such | “‘wetting”; ‘aswell’ as’ the fact thar 
temperature for' screeti “tube ’sittfaées “is between hs 
according to load ;—two hundred or more degrees below previ 
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opTochssing, temperatures, of: Fhis.is much below igni- 
sition, temperature, and the residual component cannot burm:if:can 
only; drip; Anom-tube to, tube. of the screen, until finally, iteneaches 
_ the hot tubes of the superheater. On. has: becotne 
fromthe ash, content-of vanished, ‘cutter 
partly; from. further cracking, and.resulting, vaporization 
and jpartly, fromm entrapped inthe 
off mood betiow” & 0) 
When it, finally, dtilands! om ‘a»sutface 
i Whoge.temperature isjroughly his is well-above ‘ignition, 
59, the, Drops |frem dripping far will: be lage 
and their jash-enriched ske'etons sithilarly 
verall, dimensions. mory ‘onilisty otf ts 
tubes: aré! iminittie: tiara slag" be- 
they. have! surface teniperatures below ignition ‘fot residuals. 
in, reversion: to: tan, of the> fuel! that “wets” then; 
and of conditioning into Jaxge,: . Theselbrien 
ne tyhes, beyond. laying their skeletons deposited pn the 
slag deposits are soft. and, chalky,ias in Figure 2.2 Offers 
with, a, xery,,hand) Figute- 21 
Still others have, the clot formation, illustrated, in: Figure Not 
the Aroplets, are . Strained ; out the) soneen 
the Figure .29.,.. Many. of, then 


le id, dows, ealoading, will 
later ay app am deposit 


over as in 1. Later it becomes Figure 21,and 


cats converts the matrix from, chalky, to.a glassy texture, 


‘and. p in aPPsarance ; ‘Slag \idepopits. 
mbustion, were completed, ox, change, of, state, front’ liquid 
Beate Por, completed, within fhe furnace, there, could have: been 
aNstting” of screen. tubes, nor, of, slagging, which wanits djnect 


Now. ‘that olf. impingement is de able caisse of 


Bite es of attack can be: its 


A. M sification of oil design. -gnina 
Use of ash ase} glod-qoog 
2. Use of ash-free, sulphur-free oil, is 
3. Use of residisht bases; 18s! 
4. Use of ibs fio bas 18 
5. Use: of light svods lio bloH 


o lio hleH 
1. Use of wider tube | 


Improved, sha longer fame, travel, 
Le Re-designoatomizer for smaller! orto 
User more and capacity of T 
Install burners further:from gale Yo 
Replace seme wide! owith' staridard’? S16 
5. Use separate double, fronts, ite avoid throttling: of Yair 

vols Tegisters.., yd edi. to 


1. Improve! water strippiiy ft tae & Yo 

oh Reduce Waiter To} 13201” 
of 


3. Improve “ 


Fy Operational, Boiler. gaisimots To 
1. Devise cleanliness “yardstick”. 


2. Closer observation for cleanliness, 


45! ‘Op te! ‘at higher 


G. Operational, Furnace. 


ati 


| 
i 
| 
| 
a 
| 
i 


1. Inspect more cl ! 

to er ph ate 

Get atid’ avoid’ running with’ idle registers. 
3. Get more sizes of plates to counter — rey re 


semi wide” boss damage’ to 


firing. 
4. peep-hole rater han smoke excess 
6. Make air and oil adjustments, 
7. Hold oil pressure above 200 pounds:at all, times,” 
8. Hold oii temperature for “special” fuel at 135°F., stn or 
minus 3°, 
stie odut 1b: 
proportionate to the amount of attention given to the details of 
correct operation. Ho matter how much design may be improved, 


ify 


Each one has merit that is relative only ; some more and some less, 
The direct observation jof several hundred: boilers during study 
of slag deposits, has led.to-opinions:as:to:-which 6f the above 
thirty are most.liable to.show- dividends:, 


Use of tesiduals tess: highly ‘racked.’ 
Replacement of the “semi-wide” by the “aandact” ‘nozzle. 
Improved cleaning methods. HO 


‘Development of a “yardstick”: for measuring dleaaliness. 
Closer inspection for damage to Plates, by. semi-wide” nozzle 
boss. 


of atomizing pressures. to. the. range..of 200-300 
poun 
Confinement of atomizing for within 
The refiner, designer, and are. all ‘is 
in part Tesponsible for the present preyalence of hard slag de- 
‘posits, “and all three must make an effort before @-curelcan be 
effected. 
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atomizers. ‘The’ utifortunate selection of the’ “semi- wide range” 
narhe fot the currently used nidzale fas provided psychology 
leading to néglett of many “fitst principles” for good atomization ; 
as ‘well'as introducing a structtitel failure’ which, getieral, 


T+ 


“Mechanical ‘Penioval (of “hard slag’ from ts 


viously impossible ; due to hardness of material, tenacity of pod: 
ing, and lack of accessibility. Removal by. water provides..the 
only means presently at hand, Water can remove slag by putting 
it into sohition, but it cannot rémove by Forde a slag'so hard’ tha 
hammer blows' will only sticceed in pulverizing its face, “Many 
hard slags’ will ‘event *cut glass. Moreover, study of the included 
photographs ‘illustrate the ‘utter impossibility of forcing | a ‘hard 
stream to penetrate tibe buridle much beyond ‘the face. 

‘Tecan be! safely assumed’ that all slags are nearly, three quarters 
water soluble tif given ‘long’ eridiigh expostite to water. . The 


fier? 


to penetrate as much as an'¢ighth itich. In addition, plugged. 
tube lanes must be opened by slow sdlution before plugged lanes 
farther in cam be exposed. Hard” streams are useless, besides 
presenting a véry'troublesome problem from the volume of water 
involved. Slow and’ easy’ does’ it, ‘The writer has cleaned several 
superheaters by ‘swéating +—Insért a blank gasket in ‘the saturated 
line’ to isolate’ the superheatét from’ the’ boiler. Then circulate, 
water through the superheater; cold enough to cause air moisture 
to condense: ori the outer (Slag) coatifiz. “Air will filter through 
almost any gas lane, no matter how badly plugged, and Carry ait 
moisture with it. ‘There ate shielded’ areas. All heating sur-. 
faces. (or their coatitigs)* can’ be’ Téached: “There” is No. surplus 
water to contend with!’ A'sparé’ Water Theostat box can be set,on 
deck for storage of circulatifig water; "and' couple of Ad fire 
hose: sections used ‘to connect it’to ‘the ‘stiperheater so that water. 
can) drawn fromthe box witha portable’ submersible pump, 
driven via the superheater’ drain ‘conriection, through , the tubes, 

and out the control ‘connection, ‘back into 


into: solution. Like! sun dried adobe tiud! it take a ‘few hours 


: 
i 
| 
i 
| 
| 
| | | 


164, STUDY SAV: OF, HARD, SLAG 


ica,cap bs, dumped into, the; water box from 
¢.f9 time, and ice water sirculated, This appears to be avery. 
ay, of making water, it is, avery, cheap 
Water where: it aft. an, emergency, 

cof lam, or fore peak can. De used, for cooling, water ; and air, 
moisture augmented by a little steam froma steam lance, 
culation of air through the superheater must be provided, of 


course. Figure-30:shows ‘adestroyer superheater: being “sweated” 
with 3 lenge will, readily, remove the, dripping 


to yit ezonbied of sub’: “ie 

19. 
piteging of superheaters tales. place; im. areas permitting, 
neit visibility nor accessibility, observation the, outer’ 
face gives no. indication of condition, and. only. results in. ai 
and dan dangerous ef Security, Effective inspection methods 


The (writer, been, in; the. habit, of using. 
‘Pert rman of the. superheater to indicate. its state of 
eqnliness. method js. outlined, as, follows Fouling. 


tubes Tequires. more heat to, produce. ithe, designed! 
30 temperature, which: means. increased oil, to, the supetheater; 
furnace and Jess to the Saturated furnace, . All boiler instruction: 
bodkks ‘de at elative fuel weights \to,.each, furnace fot the: 
ige, in. loa ling as measured, under _test,) or clean condi- 
tions. ‘In general 50 to. 55%. of ithe, total.fuel must. be fired in the, 
clean boiler, to, produce, the designedi 
femperature, Comparison, between actual, and; test: require~ 
will "provide simple. and suitable, yardstick. Or, better! 
Continuous’ record can, be, made of| the percentage: of total 

a byte fr:some given common; 

"When ‘gupetheater ig cleaned, irecordiof the‘relative) 
weights required latter fleaning,.should criterion 
danger, exists for combat ships, progres!) 
deposits if not kept; under | observation; 
not scovered until. ship power beén definitely: crippled: 
developing. a, cleanliness, yardstick -catinot' be'over 
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GROWTH OF MICROOR SMS-IN © 
CONFINED SPAC ii 


ott didtive boTOTR doidw © 


s a great vari of 
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enclo in which’ ‘the ris lim 


the 
IPS sition HOES: from esca escapit ng, 

The ‘danger of atmospheres 80 de elo 
‘two instances ere Navy were overcome. 0: 


ments 
ites 


‘were 


storage of prope ive ese covers, 
of bedding bags” had’ Bee 2d ured! frdm coated, “thin 


lished: the ‘fact ‘that ‘im ‘both High ‘in Carbon 
dioxide were present within the theviotims 


entered.» (Imsthe first am analysis ‘shdwed |carbom dioxide: ‘ih 


excess of 11,per cents the oxygen repdrtedsi 
the, second: instance compartment! immediately 
sealed after, the accident, but remajmed -for,atyleast, tainty 
Analysis, of the atmosphers showed the 


u 
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oxygen—14.6; carbon dioxide—s.4. In both of the compart- 
ments in question a musty odor was detected, and in one the 


{ PWOS 


Immediately following . the report of the’ first gerieets the 
writers were requested to investigate ‘the-possibility that the 
flameproofed fabric which Was Stored within the compartment 
might have decomposed: upon ‘prolonged storage—-with the 
liberation of toxic gases—and to determine the causes for such 
decomposition in the event that it occurred. _, Emphasis, was 
initially placed upon the fact that the fabric i in ‘question, w 
flameproofed, and that toxic atmospheres might have cas 
from a ‘purely chemical decomposition of the treated materi 
However, it had been previously observed at this laboratory (4) 
that mildew growth on cork gasket material. in a. closed damp 
system 1 had resulted in the complete exhaustion of oxygen, and 
the: liberation of high percentages of carbon dioxide. Prelimi- 
nary tests, involving inoculation of representative samples of the 
flameproofed materiale with mildew spores as described in the 
General Specification for Inspection of Material (5), demon- 
strated that they were also subject to attack by microorganisms 
with the simulataneous formation of atmospheres containing 15 
fo 20 per cent carbon dioxide and practically no oxygen. It was 
considered important, therefore, that the investigation furnish 
information on the Possible effects of storing the material, i Ana 
damp, condition as well asin normal dry storage. 
Se samples of flameprooted fabric, all coated with compositions 
involyjing vinylite resins,..and., a,control sample of. unbleached 
cotton sheeting. (6), were selected, for exposure. The specification 
covering, the bedding-bag. material is primarily based upon per- 
formance and does not.prescribe the composition of either: the 
flameproofing. treatment or of the: coating:: Under:the original 
editions ‘fabrics treated with water-soluble flameproofing ‘com- 
pountswere supplicd; later révisions of the specification included 
which could be ‘met ‘only matetials which ate 
‘Wot reddily’ leached ftom the fabric. | Attempts’ were made 
include th the selected all types which ‘had been procured by 
‘tte ‘Inthe following paragraphs those fame- 
proofed with water-insoluble com pourids are identifiéd as samples 


* 
: 


A, By and>© and ‘those involving 'water-sbluble ‘formulations’ are 
designated D, Byand!F. .'Thecoritrot 
Exposure conditions were to closély 
possible’ those” on” shipboard,’ ‘itivolved the ‘storage’ of a 
large nuriber of flameproofed bedding’ bags in an ‘inftequentty 
opened airtight compartment.. ries sos yard samples of 
each of the materials were placed i in g d metal containers 
at Rabie “capacity” Bach" was fitted with a 
gasketed lid which fastened t airtight’seal, the 
lid a pet-cock’ affangement’ he 
oF dir’ samples ‘for anafysis. hers were 
provided in “the ‘first thé” samples’ werd’ and con- 
‘at the prevailing ‘humidity: (35 per cent) while th 
the. second air, ‘at 100° pet Cent ‘relative humidity was ‘passed 
through the containers for 't6 Sealing.“ sets 
re hereinafter’ fefetred ‘to, as Seri Vaid respecti 
All containers were stored at’ a cont ure of 80 


men- 
arily opening the pet-cock, ‘and of the 


withdrawn and analy zed for carbon, dioxide and. oxygen content. 
This procedure was, followed’ for three months. ‘During this ti time 
there was, in et case, a gradual ¢ decrease i in the ¢ oxygen content, 
usually with a correspondin increase in the amount of cart 
dioxide present. Tn genera 

ever, in most ‘the percentages of carbon dioxide. 

in the, containers of Series. 2 were significantly higher than those 

of Series 1. Because of. this, those containers of Series 2 vet 
contained the coated bedding- fabrics, were opened. a t 
Significantly, -sampes,.E, whic had liberated, more 
carbon, dioxide, than any, of the, other coated, fabrics,-(as 
below)..were found, to beslightly, mildewed... These. observations 
showed. that; at some.of the materials, would be, spontane- 
ously attacked in,a damp, atmosphere and, verified the preliminary 
test,.results: which, had indicated, that, this growth; would. be 
accompanied by the liberation of carkon dioxide and consumption 
of  oxygen,,. Therefore, to reproduce,the, effects..ofi.a more 
thorough saturation of the materials.sueh as might sesaltdrom 
leakage'of water into a closed compartment in) which they. wiere 
stored| all of the coated fabrics: of Series 2iwere sprayed with:tap 
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and: containets werethen storedi.as, before 
for-amadditional thit¢ee-month peritd. “However, ‘to| determine 
syhether) the, decomppsition would become, accelerated without 
any, modification pf conditions, the control, chamber was;;kept 
sealed for an additional two; months|before. being, sprayed. . 


rst, th. fee months, as piste .9f columns 
As stated, previously, th ere, Was in every, case a oa radual decrease 
the content, witha. sponding increase. in 
arbo bon, dioxide present, greatest change Wi 
ced, control. sample of Series 2, which showed an 
of 16.4 per a carbon dioxide 
fabrics, samples, also liberated relative ely high percent- 
ges of carbon 8 and 2.2 per cent Fespectively. 
the second three-month period’ (from the data as ted 
ine columns at vy of the table) ‘the atmosphere of the ‘dry chambe 
continued to compa ratively insignificant alterations. “How- 
ever, Critical ‘changes 11 in the percentages ‘of carbon. dioxide ‘and 
‘Oxygen took ‘place in all of the damp chambers; ‘these changes es 
invariably curred within a ‘month after the supplémenta 
the ‘greatest effect noted was again ‘that in the 
exposure. ‘In ‘this instance’ the, percentages of ‘carbon diox xide 
and oxygen v were 6.4 and 13.2, Tespectively, by ‘the end ‘of an 
months (without additional treatment) ; supplementary \ wetting 
at this time caused ‘the ¢arbon: dioxide to rise to’ ‘27.6 per cent 
‘within ‘one inonth, with | ‘esseritially complete exhaustion ‘Of 
oxygen: The the coated’ fabrics’ isnot simple; ‘atl 
except C showed’ exhaustion ofthe’ oxygen ‘within! brie 
month after the’ duppleniétitary wetting, only sanipleE 
developed an’ approximately’ equivalent’ carbon dioxide toncen- 
tratibn. The consumption of oxygeti’ by saniple was acceler- 
ated! by wetting’ but! was ‘still’ much ‘less than’ that ‘OF the 
other fabrics; ‘ho’ catbon ‘didxide could’ detected the 
atmosphere over this nollie ise 
{in addition to the depletion of oxygen and) 


dioxide, bythe -sample of Series 2, \other significant’ clianges 
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occurred. All showed visible evidence of microorganism growth 
on the fabric and/or the coating. Examination revealed the 
presence of bacteria, actinomyces, and various fungi including 
Aspergillus: and Penicillium. . The‘ mildewing generally 
_ accompanied by the liberation of odors suggesting the presence 
of lactates, butyrates, and acetates, This was particularly tr 
of samples B, D, E, and G. Sample C showed only one ti 
of ‘mildew on’ the coating and no abnormal ‘odor. Sample F, 
which § gave only’slight visible evidence of mildew growth, yielded 
netrating ammoniacal odor, the atmosphere being found to 
hiner 670 p.p.m. of gaseous ammonia ; microscopic éxamination 
revealed extensive bacterial growth; Analysis of this sample 
showed that the finished material contained 2.7, per cent of 
inorganic nitrogen (as combined ammonia),)3.1 per cent of sulfur 
(as;sulfate), and 0.7 per cent of phosphorus (as phosphate), sug- 
esting the presence of ammonium sulfate and phosphate which 
are comm nonly used as ingredients in flameproofing treatments. 


“The #esults ‘of the of Series 1 as indi- 
cating the, possibility, of, partial oxidation of the various coating 
materials or treated, fabrics over prolonged period of time. 
However, therewas a similar decrease i in oxygen content of the 
control chamber—apparently due. to slight oxidation of the 
calldicesr-aedl it is therefore believed that dry storage of such 
tréated imateridls as were included in this investigation would 
‘offer little special hazard during a ‘limited exposure. Accord 
‘ingly, further discussion will belimited to thé samples of Seriés 2. 
host instances the atmospheric altetations after three 
months’ exposure at high humidity, were somewhat greater than 
in, the companion exposures, and appear to have been associated 
with microorganism activity... In the case,of samples E and F, 
fungous . vegetation. -had already been established when, the 
materials were examined; in the other flameproofed fabrics the 
_spdres had evidently not yet: germinated and little decomposition 
had octutred atthe time of opening!’ It:is dlso significant that 
‘the exposure of ‘the control ‘sample resulted: in similar and more 
extensive changes. While this container was not opened for 
inspection at the same time.as the others,.considering the wide- 
spread growth subsequently” found, examination’ after three 
_months would undoubtedly also have shown visible mildew. 
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_ The rapid and extensive changes brought about bythe supple- 
‘mentary wetting constitute the most*striking: development: in 
connection with the investigation; and: were unquestionably due 
to the stimulation of fungous and! bacterial activity. In view of 
the chemically heterogeneous:nature of thé materials: studied, 
and the limited scope of the work, no:comprehensive study of the 
decomposition has been attempted: has been indicated: in 
the Introduction, various ‘investigators have observed that even 
in the relatively simple case of, céllulose alone the decomposition 
products may |.The,.coatings, and /fire- 
retardant treatments applied, to, the fabrics.of this investigation 
would be, exposed to increase the. diversity of these products; for 
example, ammonia, bers: in. the: case. of 
sample 
(Certain apparent in data: merit 


ere ities 30 


consideration, .In-most cases, :particularly- those! of:samples C _ 


and, F,. the decrease in oxygen content: was far greater than the 
corresponding increase in carbon-dioxide: | In addition, samples 
D.and.F. actually show a slight decrease! in» carbon: dioxide: at 
certain intervals during.the second three-month ::-exposuire. 
However, these results are not surprising in consideration of the 
possible reactions, among whith ate: / 


.Assimilation..of . oxidation; iby. the organisms 


bolic 
(2) Formation. of intermediate oxidation products, as 


combination. with alkaline components or-détomposition 
products. (This evidently-otcurred inthe case ofsamplle 
F, which yielded ammonia and: at:the same time showed a 

powdery deposit of ammonium carbonate.) 
(4) Utilization .of carbon, dioxide» inthe» growth: of, micro- 
Organisms or in spore formation,i;n (The lattern.phenomenon 
Was {postulated in connection;with a periodic decrease in 
the rate of carbon. dioxide evolution observed /by:,Rogers 


and co-workers (7).) 


201.1814 
Whatever the process by whi e decomposition is accom- 


plished, the significant aspect ‘isthe generally ‘complete 
exhaustion of oxygen within one month after thesprayed samples 
were sealed. Exposure to fhe’ !resultant’ iatmospheres*would 


id 
i] 


é 
i 
t 
| 
a 
| 
i 
‘ 
. 


unquestionably: prove: rapidly: fatal, regardless of thé presence or 
absence: of other noxious Only’ in the case! of sample C 

was the: finalooxygenm sufficiently high 

to.permit survival, dfter: a. short -exposure; ‘significantly,’ this 

sample showed only! one small.area of mildew growth dn the 

coating’, possibly: due to fungicidal properties‘on the patt of zinc 

‘botate which was included inthis: particular flameproofing com- 
pound.:!; Withothis sole exception all-of.'the sprayed saniples, 
including: the untreated control; produced’ lethal/atmospheres.::: 

While the writers did not ‘personally ‘observe the’ conditions 

surrounding the two Gases of collapse which gave’ tise 

investigation, it‘is evident that they resulted to aitarge extent 
from: the! oxygen depletion by ‘the"growth’ of '‘itiicro- 
. organisms on the bedding bag fabric. However, it is éqiially 
evident: that: storage in’ a» confined | space’ of ‘any jother ‘organic 

material capable of supporting mildew growth ‘would be similarly 

hazardous::': Such storage should either be strictly prohibited; or 

the ‘exercise! of adequate’ precautions, ‘including testing of ‘the 

atmosphere followed! by thorough should be'requiréd 


résults obtained six months’ storage of representative 
Pikeman: cotton-base fabrics in a sealed comipartinent indi- 
eaté that at low or moderate humidity only’ minor ‘atméspheric 
changes are produced; high humidity causes rapid depletion of 
the oxygen andthe liberation of excessive amount carbon 
dioxide: : ‘This is due to the growth.of various microorganisms on 
the damp organi¢ matter and is not coating 
or flameproofing treatment.) 

Under certaift’ conditions’ the’ thus 
produced in’ confined’ spaces’ are sufficiently extensive ‘to prove 

fatal to personnel who) might enter: Entry into‘ compartments 
in which mildewing is apt’to have occurred should be 
accompanied bythe exercise of 
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COMPARISON OF ELECTRIC SHIP PROPULSION | 
bo WITH: OTHER 'TYPES DRIVBU 


_ By FRIAUF AND N. T, _JUCARONE 


Electtic ship’ propulsion ‘was provided for an’ pert 
centage of U. S. ‘Naval Vessels Construttéd shortly prior to and 
during the recent ‘war. Thése vessels inchided subriarin¢s and 
surface vessels of such types as destroyer escorts, tenders, tankers, 
transports, minesweepers, salvage vessels, net laying ‘ships: tugs, 
atid ferty boats.’ The total’ humber of drive U.S. Naval 
vessels’ reached’ a peak' in excess of one thousand shortly after 
the end of hostilities. In these recent applications the total shaft 
horsepower per vessel ra ranged. from a maxiniitn of 20,000 SHP 
minimum of about 300 ‘SHP. | 

Although the’ application of electric ship propulsion in paval 
vessels was introduced sévetal decades prior to the recent war, 
its early use was rather limited. A total of seven battleships and 
two. aircraft carriers constructed during and shortly after World 
War I were equipped with turbine-electric alternating current 
drives, and for many years prior to World War II submarines 
were equipped with Diesel-electric direct current drives. Electric 
drive was selected for these early battleships and carriers pri- 
marily because the advent of high speed, large capacity steam 
turbines and the lack of experience in the manufacture and use 
of high capacity reduction gears for marine service indicated the 
need for a.drive which would provide the required speed reduc- 
tion, between the steam turbines and propellers. without the use 
of high capacity reduction gears. Other advantages, such as in- 
creased flexibility and increased fuel economy at cruising speeds, 
were also anticipated in these capital ships. The. application of 
electric ship propulsion in submarines was dictated by the neces- 
sity of operating submerged with large storage batteries as the 
only source of propulsion power. Although the earlier submarines 
utilized electric propulsion only when submerged, and direct or 
geared Diesel drive when surfaced, the propelling plant eventually 
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developed into the present 
sion for both submerged and surfaced operation::’: vii 

The recent use electric drives: in“naval vessels thas 
been more extensive anti more varied'as to quantity and’ types of 
vessels, This was brought by a number 
the major ones being: 

(a) The: Nayy's- with; limited, 
had demonstrated its acceptability, In addition, much development 
and fayorable experience had ese accumulated in seamed 
marine applications. 
(b) The immense ‘machinery, neces- 
sitated the use of steam turbines and Diesel engines of designs 
and capacities that could be produced? most rapidly and in’ latgest 
quantities. the ‘electric drive,” capacity’ steam tur- 
bines and higher speed of designs’ and 
ratings Could be ‘utilized. 

(c) The need for reduction gears could be eliminated! "During 
the recent war the demand for reduction gears exceeded the 
supply andthe resulting bottleneck’ was’ ah ‘important ‘considera- 
tion in the decision to employ. electric: drive in many naval vessels. . 

(d). The inherent advantages of electric, drive; me certain swe 
applications, could be realized. 


If the considerations determined by exigen- 
cies are discounted, the electric drive as a form of ship propulsion 
must be compared with other types of drive on the basis of its 
merits in order to ascertain the mist" likely fields ‘of application 
for electric ship propulsion. It is the purpose 6f ‘this’article to: 

Enumerate those; features: -which are in naval 
instaliations. 

(b). Enumerate which of these features are readily obtainable 
with the several of electric drive, which include. the fol- 

Diesel-electric, A-C, Synchronous. motor 


ery Th 


* Polyphase. squirrel or wound rater induction were in the 
‘early capitis referred the more recent naval 
applications of a-c pave been employed because 
‘of their lighter weight, smaller size and higher as compared induction 
of capacity. Accordingly, Tndvetion will, considered 


476 ELECTRIC SHIP: PROPULSION! WITH! OTHER: TYPES OF DRIVE: 
Electronic 2:1) ofa! boqoloveb 
Turbine-electric; beostine bus beygremdue dtod tot noie 
(fT urbine-electric,; A-G, Synchrorious:motor®, 
Turbine-electric, A-C, Eléctronic, conttols storm mood 
Discliss installations! with per shatt, 
particularly with reference to overload capacity required to obtain 
the most! desitable ‘performance! from’ these 


ay’ Staitimhatize in’ ‘tabillat form ‘for’ of “ready” 
patison ‘the’ characteristi¢ feature’! of ‘Gifferent' types ‘of 
electric drive listed above (all with fixed pitch propélfers) ‘an anc 
the followitig types: thiéchanical drive: 


tras: fo sar betes 


heared Sxed pitch, propeller ber. 
Geared. or, direct, drive, Diesel; fixed pitch propeller 
Geared.turbine;, controllable; and jreyersible pitch propeller. 
Geared or direct. drive Diesel, controllable: and, reversible. pitch 


DESBABLE, FEATURES, FoR) A, PROPULSION. INSTALLATION... 


"Basic! requirements. Basie ‘fora ‘naval Ship 
pulsion’ installation’ atest» to 25 


acct 


(a) Ability to propel and maneuver the ship ahead and astern 


“Efficiency. 


Simplicity of. eperation. of ‘al 


icv Gf) cLightest- weight ithe 
above. Brio 


un 


ngtallation, which’ does no 101 meet these requirements, to 
a gatisfactory degree is suitable for a naval installation no matter 
how advantageous it may be in some mapa. 


Desirable features. In addition t ta the basic requirements iisted 


ift..< 


peer: the following features are sirable?” 


The installation provide. Speed reduction. so 
hightspeed prime movers! ahd the: drive 
Operate at Optinium speed. thc 
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peller, shafts, from, prime movers, besiatdo,. et 
astern \ds well asi ahead, oie. taomeosigeib Yur 
(d) The installation: should: provide for! changing! the:propeller 
speed: either contingously ‘or in) smalk|steps: over! the entive range 
from» shaximum propeller speed -aheadsto> «maximum: propeller’ 
speed ‘astern, ahd» for operating any: in 
this range. geod) to. borjomn 
The installation should provide fot deliveritig tated 
from the prime movers irrespective "of ‘changes ‘in 'the'-ship’s 
resistance) due-to Hull fouling, ‘changes 
The power 'fér ‘each shaft? Should bé furnished by 
independent ‘pritte movers} than by prithe' inover ‘per 


(g) Installations. with. amovers per)shaft should 
have such that the rated power ou of 
prime use can. be “supplied to: wh ether a 


only some of the prime movers are in service, 


yapwolig? 
(h) In an installation with prime ‘mover per it 


may be desirable i in some cases to have the installation so arranged 
that ‘one priftie mover ¢ can drive ‘two atts at teduced speeds. 
Brief n desirabl atur uction 
propellers and modern high-speed (light weight) prime. movers. 
A speed ‘Feduction is provided in ‘most naval Pro puision installa- 
tions; the Major: ‘exceptions in being" irect 
steatn ‘Or Diesel enigines Sortie Vessels! 
The ability to, untoaple the ‘thé pri 16 
and the ability: provide rated: torque astern: are «found in 
types of. electric: drives: mechanital drive. 
They are!not provided in the- geared: turbine drives ‘used in /naval: 
vessels. -awollot, 110 
Smooth, speed, control, over the entire range. of speed is highly 
desirable for steaming in) formation, andj for maneuvering, This. 
feature is provided by direct. current, electric, drives, and. geared 
turbine driyes, Smooth, speed, control is not. provided inthe low 
speed, range, by. alternating current. synchronous, motor, driyes,. of, 
by. geared or, neck, Diese drives, with, fixed pitch, 


: 
‘ 


» 


the speed of ‘the’ 
that rated output is obtained from’ the’ prime movers’ despite 
variations in the ship’s resistance from rated value as a result of 
hull fouling, displacement changes, etc., is highly: eee and 
will be considered: further in succeeding’ paragraphs: : 

The desirable: features relating to 
lations, are considered. in! succeeding paragraphs, particularly in | 
connection with electric: drives, which. provide’ the most 
method of realizing these features. 

The ability. to. drive two.shafts from one prime, mover etek 
be desirable in. installations. with one prime. mover. per: shaft. 
Electric, propulsion is probably the only, feasible means for realiz- 
ing this. feature...It is provided in most ..turbine-electric A-C 
vessels. with one, prime, moyer per. shaft, but notin the, Diesel- 
electric D-C vessels with two or more prime movers Pes i 


‘INSTALLATIONS. 


Advantages. An ‘installation in which several 
prime movers are used to supply power for each shaft has the 
following advantages: 

(a) It provides greater reliability because the loss of one e prime 
mover as the result of an operating casualty or battle damage 
will not cause loss of all power to the shaft. Furthermore, one 
ptime mover can be shut down for maintenance while oa af way, 
if necessary. 


(2) It provides a more efficient arrangement for cruising, ; 

bide It provides the most suitable way of using those types. of 
prime movers which cannot be. built large enough: in, single nails 
to furnish the total power needed by, one shaft, i 


Limitations on number: of prime ‘movers. There is no 
lisait to! the: number .of prime movers! that:can be used per shaft 
in multiple-prime-mover installations, Considerations. 
on this are as follows: 

same machinery space, because'a missile one of 
the prinie"movers may’ damage’ others: 

‘It is not desirable to put’ multiple prime movers in a large 
number of different spaces, because this complicates control equip- 
ment and’ tncreases thé number Of ‘operating personnel 
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_(c) Singe there is only one control. station. for each shaft and 
propeller, the reliability of the entire propulsion. plant fcr, each 
shaft and propeller isnot correspondingly increased by an, increase 
in the number of prime movers even, though. this the 
‘reliability of the propulsion power supply. 
1, 4@) Iti is probable that, not, more, than four prime movers per 
‘shaft are needed to take full advantage of the increased. reli- 
ability and higher cruising efficiency which, can be obtained with 
_a. multiple-prime_ mover installation. However, if, the. prime 
movers used are.of,a type which is available, only..in units of 
_relatively small capacity, it may be mecessary.to exceed four 
prime movers per shaft in order to obtain the required. shaft 
horsepower, 


Power. obtainable In 
types of multiple-prime-mover installations, the rated-power 
output.of each prime! mover. which is in:use for propulsion can 
be applied. to the shaft, irrespective of whethersome:or all-of the 
prime movers are in use; in others;,rated power output frdmeach 
prime mover can be obtained all. the: ‘prime: movers 
installed. are in, use... The, first |,caentioned types are preferable, — 
since a larger percentage, of .the, total »installed horsepower is 
available, for propulsion when some of the:prime movers are shut 
down. . This, is, the desixable feature listed-as,(g):0n page 177. 
What. it, means, and, the differences! between! installations: which 
do and do not.have this feature,,will be considered in detail below, 
_after a statement, of, the assumptions and definitions.used and a 
brief. discussion. ‘Propelles and power. trans- 


missions, 


assumptions and. definitions throughout 
‘the remainder of this article: 


,, (@) Tt is assumed that the movers insta 
multiple-primée-mover installations are of equal power. 

(6), It, is assumed, that. the same number. of prime is 
installed for each, shaft.of a: multiple-propeller ship; It is:.also 
assumed that, at any given time, the; number, of - Prime movers 
used for propulsion is the same, for each. shaft., used to 


denote the number of prime movers fnetaieg for, each shaft, and 


sire’ PROPULSION ‘WITH OTHER d# 
“thé ise! view" OF the foregoing 


n/N’ Wall "Be the 'sartie for all! Shalfts and will’ fange 
'zéro, ‘when’ no ‘prime movers’ are ‘vise! up ‘unity,’ When 
(c). It is assumed that {He propulsion plant and propellers are 
"perfectly ‘nidtched to ottiey and ‘tothe ‘ship, $6 that! wheh all 
‘dre in and are Operated at Fated! spéed,' they 
“Will develop Hated? atid’ power! and’ supply shalt 
turn thé’ shaft at ‘rated’ propeller Speed! when ‘the’ ‘Ship’s 
displacement, “condition ‘of Other Céndifiéns’ Which 
“affect ‘Ship's Pesistaricé’ afl Have ‘the Values ‘for’ which the’ plant 
(d) The force required to move a ship through the water at a 
“Constant speed: is equal and opposite’ to' the resisting’ force which 
opposes imotion. of the! This foree depends tipon the speed of 
othe ‘ship and nunierous ther! factors which indude; for example, 
» ship’s displacement aiid ‘extent of foulmg of the bottom’ by tarine 
\gsowth: | The’ statement that 'the resistance’ is’at tated ‘Value 
“wilbomean ’that' alls factors (which affect ‘the’ ship’s résistati¢e, 
_ except ship speed, have the rated ‘values for which thé instalfation 
-is designed, that is,'rated: displacement; clean’ or specified 
‘condition of fouling as (thé: case may ‘be, ‘and ‘soon. Urider' rated 
“Conditions; the: resistariee whith lopposds*inotion ‘of ‘the ship’at 
Jconstanto spéed - will depend only’ upén “ship ‘speed and | ed¢h 
speed equal'to:the rated: valtie for 0! 
‘capacity is ‘td be the ability dhy 
the’ propulsion installations tore thad'G¥ tequired’ for 
operation under rated conditions as outlined in paragraph'(¢) ‘on 
page 180. For-instance,:ability /of a prime mover, generator, or 
motor to develop more than rated power at rated speed or above, 
develop! rated power at’ Less” ‘Hated Spee: be 
Ship’ Speed, propeller Bower 'td the 
propeller,’ 4nd atidlogdiss “Gudntities will ‘Be “expressed a8 decimal 
“fractions of the tated Value Of "the Cottesponding ‘qdantity.’ For 
vekample, a) ship’ speedof'0:50 will itiedh a” ship ‘equal ‘to 
-0:50 ‘times ‘the ‘rated speed?!’ bortuaze 
Except ‘bithier Wise thé ahd’ mechan- 
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‘operation ¢ at any ship speed the characteristics of a, fixed pit 
propeller are giveit ' approximately, but with, sufficient accuracy for 
this gerieral’ survey, by th the following. relations: 


a), Ship, speed is, directly ‘proportional. ito: 


ship’ $ resistance except ‘ship’ are ‘constant, for stead 


Shaft power i is iret proportiotial to’ the Of! 


* Sitiée the ship; plant, arid aésumed to 
be’ perfectly’ matthed to one’ another, | when the ship's s ‘resistance 
has’ its rated valle, the! ‘ship speed,’ propeller ‘torque, ‘and. shaft 
power will all be at their rated values when the propeller i is turn- | 
ing at rated speed, 

If fouling of the ‘ship’ s “bottom, increase in displacement, or 
some other cause increases the 'Ship’s resistlince to more its 
‘ated value, whet the’ propeller is tuthiing at’ rated “speed: 


(a), ‘Ship speed will ‘be Hess. ‘than. rated ship speed. 
(b) Propeller torque will be more than rated’ propeller. torque 
Shaft power, will be mora than: shaft. 


ay 


vides between the: prime mover prime ‘maovers), pelt the 
may variable; or, a ratio transmission: 
ith the former, the ratio, of propeller speed. to prime mover 
speed can be varied, by the operator,,. With the latter, theiratio of 
ropeller speed to prime moyer speed is:fixed and cannot be waried 
by, the The typical installations are 
as follows: , 


Geared or direct, drive Diesel 


+. 
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It is to be noted that in some types of fixed-speed ratio instal- 
lations, for example, electric drives with A.C. synchronous 
motors, the ratio between prime mover speed and propeller speed — 
vaties during the periods in which the propeller is started or 
reversed, However, as soon as the transition period ends and the 
motor is synchronized, the ratio between prime. mover and pro- 
peller speeds is fixed at a definite value which depends upon the 
design of the installation and which cannot be ‘varied by the 
operator. In other types of fixed-speed ratio installations, for 
example, a geared turbine drive, the ratio between turbine speed 

and propeller speed is the same at all times, including the periods 
_ during which the propeller is started or reversed. 

The variable-speed ratio transmission has several advan 
as compared with a fixed-speed, ratio transmission. This wil 
become apparent in subsequent with Diesel- 
electric installations. 


“4 


INSTALLATIONS, 


Engine. characteristics, The power output. of a Diedel engine 
is directly proportional to mean effective pressure (MEP) times 
engine speed. It is not permissible (except in an emergency) to. 
exceed either the rated MEP or rated speed. Because of = 
limitations, it follows’ that: 


(a). Rated power can be ‘obtained only’ when MEP and speed 
are both equal to their rated values. 


(b) Maximum permissible power is obtained at any engine 
speed when“ the mean ‘efféctive pressure is equal to the rated 
MEP. '' The. maximuth ‘permissible power ‘obtainable:is thérefore 
directly. proportional ‘to erigiie speed.’ This rélation is shown 
graphically in Figure'l, in which power and speed are expressed 
as fractions of their rated ‘values. If, for ¢xamplé, the engine is 
running at 0.6 rated speéd, the maximum permissible power that 
can be obtained is 0.6 ‘rated power. Of course, any power less 
than this.can be obtained at the same speed by operating the engine 
at less than rated MEP, which is permissible provided that the 
engine is not loaded so lightly that fouling results: 


(c) The Diesel engine'has no overload’ capacity as’ defined in 


paragraph \¢) on page 180: It cannot, without exceeding rated - 
MEP or rated speed,-deliver more ‘than rated power at any speed; 
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nur can it deliver rated power at less than rated speed, without 
exceeding rated MEP. 


Delivery of rated engine power to the shaft. When operating 
under rated conditions as outlined in paragraph (c) on page 180, 
all engines will deliver rated power output. There are, however, 
other operating conditions under which the engines being used 
for propulsion or not be to rated 


shaft are in use‘for propulsion.) 


b) Steady i dic ail engines installed per shaft in 


e when increased diSplacement, fouling of the bottom, or some 
other cause has incr p’s resistance to more than rated 


tidns is dependent upon certain jcharavteristics of the installation 
which differ in A-C and D-C electric drives. In the paragrap 

immediately following, this will be illust: by a compari 
Dis a Diesel-electric A-C synchronous motor drive andua 


sel-electric D-C series loop drive, each having two engi 3. 
generators and one motor per shaft. The assumptions 
definitions previously noted willjapply. 


A-C 


When the and, are in 
the speed ratio Prime savers and, propeller is, fixed 
by the relative number, of, poles generatess and motor, and 
cannot be changed by the operator. Propeller speed is changed 
by changing the engine speed. Diesel engines are not normally 
operated continuously at speeds below. about 0.25 rated speed 
because of excessive fouling which occurs at such reduced speeds. 
This installation, therefore, does not permit continuous operation 
at all speeds over the entire range of propeller speed, which was 
listed as desirable feature (d) on page 177... It gives smooth speed 


ar T f these operating conditiogs which are of particular interest 
are as follows: 
. a) St operation when the ship’s resistance has its rated 
a value but only some instead of all of the engines installed |per 1 
| 
TE ability ‘fic installation to deliver ited 
enpine power under either or both of the aforementioned condi- 
| 
motor installation. This dtive 
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PROP. POWER 
snip's 
POWER FROM 
tL. 
> 
ond 
0.3} 
POWER FROM /ONE! 
© 
> 
= 
© a output in A DIESEL- 


about rated 

r the steady operating condition when the ship’ $ resist- 
ance issat rated value and both ptime movers are’ in use. Gurve 
1 of Figure 3 shows the power required to turn the propeller at 
different speeds. Shaft | power is directly proportional to the cube 
of speed, and is equal ito tated power when the pee sat 
rated’ speed. ‘This means, ‘ince both power and) speed 
pressed as fractions of theiturated values, that the at 
1.0 when the propeller speed is 10. Curve 2 of Figuré 3 > aie 
the maximum shaft power that ca be developed by two engines 


when operating at rated MEP. ‘TI is maximum power is _) 


controf“from about 0/25 to 1.0 rated speed, but not? from qe 
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proportional’ ‘to engine and, since is. a fixed “ratio 
between engine and propeller speed, is also “directly igure 
_to propeller speed. ‘At point A, curves 1 and 2 cross. At, this, 
point, the power required to turn the propeller is equal to the 
maximum power which the: engines can deliver at rated MEP. 
without overloading them. The ship. can operate under rated,, 
conditions corresponding to, this point without overloading any. 
part. of the propulsion. installation. . Ship’ s resistance, ship speed, 
propeller speed, engine speed, engine MEP, pas engine power, , 
will all be at their rated values, 
Next, assume that the ship's resistance fated 
value but that.one generator is disconnected, and, its engine is shut... 
down. One engine. can.supply, only one-half.as much shaft power. d 
as two.. Consequently, the maximum, shaft Power, that.can.be .. 
obtained, from. one, engine: at different. speeds. is, determined by... 
curve: 3 of Figure 3,,.Curye. 3. crosses. curve, at.point B...At.... 
the propeller speed corresponding to this point, the power required _ 
to turn the propeller is equal to the maximum shaft, power. z. 
can be delivered by one engine without exceeding rated ME 
Point B represents, therefore, the highest’ propeller speed that’ 
can be obtained|without exceeding this point 
the installation is operating as follows) 


0.707 ‘rated speed. <-0.707° 
1.0 rated MEP 


0.707. rated power of 0.707 rated. power. «ated, shaft 


min 


is equal ‘which is equal)... iffe 
to. 0,353, rated... .to.,0,353 


Both the engine and generator are ‘developing. less. than. rated _ 
power because they must be slowed down, on account of the fixed _ 
speed ratio between the engine and propeller, in order not to 
exceed rated engine MEP. In,an installation of this. kind, there _ 
is. no way to obtain rated power output from one engine. when: , 
the other is shut. down, unless rated MEP. is. exceeded... If the. 
engine is operated | at a higher speed than that corresponding to. 
point B, curves 1 and 3 show clearly that the power required by 
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the ropeller is more than one e can deliver. without ,exceed- 

TO gonisider” the. of a change j ship’s sisfance, Suppose. 
jaiog 


shi will operate, Co 


first “that” the “ship ’s ‘is at rated tle and’tha ao ot 


engi ‘it! “tise. 


at a given speed. The curvé Showing’ fen 
péller’ will Ow be Curve of Figuré 3. This dutve'is tat” 
fo Be Yiiantitative but merely to ‘qualitatively What"! ’ 
happéns ‘Ship's ‘résistance Tie exact of 
the éarvé ‘will’ ‘depetia’ ‘how’ fitch” thé ‘ship's résistance 
creasés. Curve’ 4 intersects! curve point Hence; point” 
detettnines the Spted to’ Which the’ engined tnust Be’ te iced’ 
order Fated! ‘efigitle MEP" KE ‘hid? operation! od 
will follows muemiixem oft of leups et oft nwt of 


speed speed: 26 speed ors 


Rated MEP., wot Less than rated. than rated 
Less than power powe 


bist 


Thé! discussion in’ the three ‘paragraphs ‘shows’ that’ 
the Diesélelectric ALC motor i$" Hot 
possible to. obtain rated dutput from the” ptitie 
which are in use, either when’ Some Gre securéd’ Shd operation 
maintained with the others, are in use ship’s 
resistance increases tc to more than rated value. ,Consequently, ‘this . 
type of drive not’ posbess the featiires, listed as desirable in’ 
atid 9)" on ‘page 177. Hence, ‘because of the 
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surface ships. It is shown schemat cally in Figure 4. 4 

speed fatio \be 

by che 4 

genera 

bination of these q 

tor se = q 

speed 

curren 

zero tq 

about 

increas Ma current from zero to rated genera " 

tor fielfl current. For highek speedg, the generator field current js 4 

kept cgnstant at rated value 

by varying the engine speed. fro q 

speed, This installation gives the fe 4 

that is 

speed entt ange-ahead aad-astern q 

Assume that the hasotta rated. value and that 

both generator sets are in use for propulsion. Curve 1 of. Figure 5... q 

shows the power. needed by the apace under steady operating i 

conditions at any speedy pfopélleF power q 
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are Operated.at rated speed, their generators will develop rated 
voltage and supply rated load current phen 
turn at rated speed and deliver rated shaft power the pro; 
Pets WA indicated at point Figure 5 5. 
assume resistanc® iremains-at its rated 
pe jut that one getterator is cut out of the propulsion loop, 
of the. other) generator and the! generator and motor 
field ¢utrents remaining unchanged. Thetvoltage “applied- 
ll be ( 0.5 as mu@h as before since one . generat f is taken 
the series loop. motor and will -drop-— 
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0.5 rated:value since the shunt motor is ‘very 


nearly directly proportional to the voltage when‘the mitor’ field 


strength is wunehanged. Operation’ will thet ‘be ‘as “iridicated 
point B of Figte 5; i.e. 0.5 rated propeller tated 


shaft power. This is only 0:25 rated’ power'of ‘ore enginé, ‘How- 


ever, the engine: power ‘output be increased by: maintaining 
the engine speed’ and’ generator’ field ‘current*tinchariged; and 
weakening the motor field current; This*catsés the motor run 


faster, draw more load current, and hence deliver more power. 
Accordingly, the motor field current is*weakenéd until "thé motor 
is delivering 0.5 rated shaft power andjthe engine,im is deliver- 


___ ing its rated power output, which oecurs when the motor, is draw- 


-ing rated load current. Operation ;will.,then be as taientes by 
point C of Penits 5, where conditions. will be as follows: . 


Rated speed. Rated speed 0.794: 
Rated MEP Rated. voltage... 0,5 rated voltage 


‘Rated power “of, Rated load, Rated.load.current 
‘one engine, which Rated power, of one. 0.5.rated.shaft 

_ is 0.5 rated Shaft generator, which oP ONE 

rated Shaft power. 


it 


Neither ’the engine nor the (generator ‘Hof thé motor is over- 


‘Consequently, no ovérléad’ capacity is tieéded’ th “any of 


these three units in order to obtait’ fated ‘power ‘from the engine 
in service. The motor, Kowever, ‘tiust ‘be designed to have 
certain characteristics, overload capacity, which are 

To: consider the effect of a change i in ship’ s resistance, suppose 
first that the ship’s resistance is at rated value, that both. engines 
are in. use, and that beth are rusting at rated speed. and power. 


point A of Figure 5 with the propeller at rated speed and power. 

Next, suppose that displacement; fouling of the 
ship’s bottom; or:any other cause increases the'ship’s resistance to 
more than rated value. The power required toturn the propeller 
at any given spéed will-increase and be by ‘anew 
curve, such as Curve 2, for example; the exact*dmount /of the 
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ro yiperease depending how much thecresistarice: is intreased. 
bloa propeller, speedo is kept; umehanged:@peratich will»be as 
1s bindigated hy point,D of to rated pro- 
bois but more, than rated (power: -This Iwill /lof:icourse, 


-wolgvesigad the, engines, The overléad om the engihes:cambe retnoved 


gui strengthening, the; mator; field cunrenty This iteduces imotor and 
bas Propeller, speed, and thence, the »shafti powers By: “progressively 
oun Strengthening. the. motor field,.curteént, -the «propeller ::speed: and 


power can, be. decreased to,point of Figure 5,: where opera- 


sce bets1 Meier vilob ei 
Rated speed gv duqivo 1 rated ‘speed 
Rated? power "Rdted dad ad current 
soto Rated.power,) Rated pawer 


now no overload6n thé’ ani: 6A, since 

‘ate ipefating at rated’ The m must 

6verload ‘capacity since it delivering power at 


q 


Summary ‘of with ines per 
shaft. The results DoF the. eceding comparison. can be sum- 
marized as follows: 


(#)oWhen the ship's resistance is only 
to he engines, is,ia.use for. propulsion, the giropeller 
Speedy Ship speed, and shaft, power that.can be.obtained without 
0¥erlpading, theengine in, use.are-as follows: 
AC Synchronous” Dieser Etettric 


ot of When the: iticreases | to>more ¢tham fated 
oy the ‘rated: power; output: of) both engines inthe D+Giseries 
¢an’besutilized for propiilsiom without requiring 
worany overload: capacity im: case im the 
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(c) The reason for these differences is that the D-C installation 
provides a variable speed ratio transmission between the prime 
movers and the propeller, while the A-C installation provides a 
fixed speed ratio transmission. In the D-C installation, the engines 
can be operated at rated MEP and speed to develop rated power. 
bison propeller speed can then be adjusted independently of engine 
peed, by varying the spee ratio between engines and propeller, 
exactiysthe right speed to absorb 

engines in use} for pro- 
absent in the A-C imstallatiqn with a 
sien. In the latter case; when the ship’s 
seth are in use for propul- 


however, one é 


ppeller. m 
engines propel, Drop 
ess: than satedospeed and g less, er. 
Comparison between Diese and D 
withomadsiphe prime-movers-4 ntiny 
install spe 


speed, and shaft power that 
is at its rated value and n pri 
propulsion, are as follows { 


for Diesel-clectric A-C syni 

ou 

Diesel-Electric A-C Synchronous 
D-@S érbesLibop Motor 


Ship of Square root of (n/N) 
Shaft power. . n/N. Square root of (n/N)® 


These relations are shown graphically in Figure 6. Although 
this discussion has compared the Diesel-electric D-C series loop 

_ drive with Diesel-electric A-C synchronous motor installation, it 
should be noted that the curves in Figure 6 for the D-C series 
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looppdrive apply also for 
fixed pitch Propellers: 

D-C, series loop ROTOM OH! 


sel-electric, \D-C, parallel 

Turbine-electric, B-C, parallel syste 
sel-electric, A-C, with electronic contol 

Tarbine-electric, A-C, with electronic control. 

The curves for "the Bis AC motor 


} 


2eEED 


stallation apply for all of the” following b Lad of drives with fixed 

Diesel-electric, A-C, synchronous motor 

Diesel, direct: drive: 

Diesel, geared drive 
*Turbine-electric, A-C, synchrodous motor 

turbine 


i 

Figure 6 shows clearly that when only some of the. iii 
movers installed are in use, a higher propeller and ship speed can 
be obtained with the D-C than with the A-C installation, unless 
electronic’ is ‘employed’ witlf "the latter’ "Furthermore, if 
ship’s resistance increases to more than rated value, rated shaft 
power can still be delivered with®the*DéC installation but not with 
the A-C synchronous, motor, installation... soya» 

Motor ‘in'\a “Diesel-electric D-C series 
loop installation. Previous discussion shows that no overload 
capacity is needed in, the engines. or generators in, order, to obtain 


rated. power output from the, units. which are in use for, propul-...:. 
sion. Hence, there is no need to consider these components. The... 


motor. requirements, however, are different... The requirements, 


imposed on the motor by the two operating conditions CEE 


on page 184 will be considered. These conditions are ; 


of the prime movers: installed are.in. use, for, propulsion... 


(b) When the-ship’s resistance is, aboverated walue, all. 
of the prime movers: installed.are-in use: for propulsion.«): 0. 


Unless the generators or gears have ‘overload capacity previously’ discussed. 


(a) When the, resistance. is at: rated, value but only, dt 
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RANGE OF MOTOR SPEED of 


the requires no overload buf the motor must 
the’ follow bapn on ei .noie 


ovet the range “of speed in 7. an 
caida an installation Having five engines per shaft, ‘and assdm 
that‘all’five ‘units are*in delivering tated Shaft power at pares 
propeller speed. Tf engines dre taker out Of sevice, the tatio 
n/Nadécreasesfrom‘ Into 0.2 and the shotor voltage also decreases 
from 1.0 to.0.2!rated: voltage. motor vand spropeliet to 
speed is proportional to, motor voltage if. the motor.field eutrent>— 
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is not }¢hanged) | the, motor; and ,propeller, speed decreases: 
rated speed and theishaft; power deeneases ftom, 
1.0 to .008 rated power. The maximum shaftopower,available, 
with only one prime. moverin. use and. delivering iterated putpat 

is equal to, 0.2 rated: power; whieh, rated, 
propeller, speed... Hence,, the. propeiler, speed. which, results when, 
four prime movers are, taken, outiaf service andthe mater field. 
current is not.changed, is less, than. the, speed obtainable when 


and reduced speed. ‘This, can, be done. without much- increase. in,., 


use, overload, capacity is needed, because. the, motor 
rated: power, at, less than; cated speed; im. orderitosbe:; 
able.to use; full, power. on a. dead tews-the; motor, must.be ablete:: 
deliyer, rated power, at about moter speed; 
exact figure; depending. upon. the -partiqular. tug ands: propeller,<; 
design, However, this;is.4 larger, range of, speed: adjustment than. | 
is needed |for, combatant, vessels, whergrability 
tow, is,mot,an, impertant factor,..Bor thesecvessels, ifthe range 
of speed adjustment, by. field. stremgtfvening: is enough to permito 
the motor, to deliver, rated 
speed, the motor, and. the engines, as wellj will be: able to delivers. 
rated powet-eyem, if the: ship’s resistance, is. materially, increased, 


| 
only prime.moyer 2s in use and 1s delivering its rated power 
output. In onder obtain rated power, output, from Ahe prime. 
mover, in) use, when, the others,are. shut down at is,mecessary, 
increase. the. motor, and propeller; speed,from 0,2, rated: speed . 
; (point A in Figure 7) to 0.585 rated speed (point Bye This. 4 
_-Fange of speed adjustment field weakening can usually. 

(2), The -motor. must, beable ito. carry, rated, load, current at; 
reduced speed... If less:than about, four.engines are, installed. per... 
shaft, the minimum motor, speed. for operation. at, sated load, curs. 
rent is high enough so that the ventilation required te remove the. : 
heating caused by, rated current can. probably be supplied by. fan. | 
attached .to the, motor, Tf are. installed per, ishaft,,. 
it maybe necessary, to,supply separate blower,motors,to produce... 

In, the: segond..of the two-cases, the 

is above, rated, value and_all,of.the installed; prime, moversiarecin 
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by fouling. This range of speed adjustment byfield strengthening 
can be provided without iricréase’ Size and of 
a shunt moter) 3007 of GI 
"ThE tondhision ‘reached thé above ‘diécitssion that with’ 
delivér thé rated power Output OF each ‘prime to the’ ‘pron! 
pellet shaft’ (even ‘when ‘the ship’s’ résistance increases’ to ‘more 
that ¥ated ‘valie) without ‘requiring ‘the motor to’ be ‘itch bigger” 
and ‘heavier than’ one which would just deliver fated power ‘at’’ 
rated speed,” ‘AS pointed ‘out ‘previously, no’ oveHoad' Capacity! is” 
needed ir either the or the generators” since ‘all that ‘is 
réqiiired of these bud be able” to power at” 
in submarines where the necessity of taking power from the ‘bat- 
tery ‘When’ opetatitig” subrierged introduces probleiis ‘that are 
absént’ installations’ “designed ‘for ‘surface’ few 
patalldl Gnstallatidfis are’ used also in Surface! vessels for Specific 
appheations® stich ice ‘breakers, In this ‘type Of installation 
thé generators and motors até!conhetted in parallel, instead of 
setiés' the ‘Series ‘loop installation. ‘The parallel type of 
stallation provides a’ variabie’ speed ratio transmission Between” 
‘and propeller, smooth control ‘of’ speed over” the 
entire’ range, and other operating characteristics similar’ to thosé’ 
of the series loop installation. No overload capacity is needed ini” 
either the-engines: or the gefierators in order to obtain'rated- power 
output fromthe engines Which are’ in’ ‘ase for propulsion: ‘The 
motors require characteristics: somewhat different in’ degree from 
niotors for’a’sériés loop installation; particularly ’a wider 
range! \@f ‘speed control by’ strengthening ‘the’ motor field)’ As’ a is 
consequence, motors’ fér’a parallel system’ would, in most cases, 
be: somewhat larger and heavier than ‘motors' needed for a’seriés 
loop installation of the! same power and having the same nuniber’ 
of engifies‘installed per the contol systeth~ 
is mofé cothplicated than for the series loop ‘system’; a nunibet 
contactors capable of interrupting full toad cutrent’ are’ ustially 
required in’ the parallel systen? but’ not in the series loop} and’ 
operation is not’ as’ simple with’ the parallel’ system because it is” 


necessaty parallel''generators: Since the parallel ‘system has’ 
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operating characteristics Gch to those 


~ of the series loop system, the series sys Fy is chosen execpt where 
the choice of the parallel system is dictated by special considera- 
tions, such as the need for opdrating from a battery, or the neces- 
sity of limiting the voltage applied to motors in felatively large 
‘installations having more gengrators fJar»motors. 
Diesel-electric’ A-C installation wi elgctronics control. This 
type of installation, shown difgramafitally in Figure 8, includes 
Diesel ‘engine’ driven A-C generators, an electronic frequency 
Converter, and an A-C motor“Tt os aiffétence from the 


A-C @ynchronous motor installation frequency converter. 
Thisgnakes it possible to operate,th pina fixed speed and 
ihenct_allows the generators to de iver efaat fixed frequency. 
requency converter the Bower supplied at the 
edfrequency by the generatorp ing Ho r at a frequency 
be varied smoothly agd over the entire 
from zero to maximum fre he phase sequence 
be reversed, The variable freque output from the fre- 
Shuency coné@trter is supplied to the Motor ahd is used to control 
o. tbtor speed over the entire range fron} full speed ahead to 
ta’ Th typeof installation is still in|the|devyelopment stage. The 
Golloffing @an estima of its characteristics and posdbilities : 
¢ The Overload capaci fies} gegerators, 
“dnd motors is substantilly ireq in {the cor- 
Fespéading elements of D}C geries loop system 
The ‘generatofs motors may havq to som¢what 
bigg@s for the same powersputput than those u it synch ous 
‘motor installations becausg} of th¢ presence off harthonics in the 
current and voltage trod§icéd by the frequ cgpverter, 
If this arrangtmenf’can bd constructed jwithout exceeding 
weight and space limitatiogs, it would combine the ility of a 
installation with the]advantages of using A- 1ipment. 
(d) It appears to ha¥e more|promising possibilities in jnstalla- 
tions of higher powers |than are feasible with D}C jnstallations. 


TurBINEIE c INSTALLATION 


Turbine charact s.8The power developed steam 
turbine when operating}at rated torque (corresppnding fo rated. 
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MEP for a Diesel engine) is shown asa function of speed by 
curve 1 of Figure 9. Power is directly proportional to speed and 
at point A, where the speed is equal to rated speed, the power 
veloped is equal to the rated power. 
2A turbine is not, however, limited to operation at rated torque 
xan be operated at more than rated torque. When operating 


It is clear from the Si i 


mgine which, because of the k jon to fiperhtin at mean 


éffective pressure not greater |thar\yated MEP, can develop rated 
power only when operating jat ratetl speed. This difference in 


drives. 

Turbine-electric D-C installations. It follows from the preced- 
discussion of Diesel-electric D-C installations that xo overload 
pacity is needed in the prime movers or the generators. Con- 
uently, the overload capacity of the turbine is not needed and 
nothing to the over-all performance of the installatiqn. The 
Characteristics required in th, motor are the same as thése re- 
quired in the motor of a pee ectric installation. 

The turbine-electric D- RIN is not used in naval vessels and 
is used to only a ve limifed extent in merchant vessels. It is 

Turbine-electric A.C. synchronous motor installation. In this 
type of installation the overload capacity of the turbine could be 
used to advantage provided that the generators have a correspond- 
ing overload capacity. For example, consider an installation with 


prime mover characteristics | requires ‘a Drief consideration of 


t a constant torque which is greater than rated torque, the power ‘ 
veloped at different speeds will be as shown by curve 2 of 4 
igure 9\\At point C, the turbine is operating at rated speed but |. 
point B, at less than rated sp¢ed but 
nore“than rated torque, and is velopin . The 
: stallation\ It can ke made|as low as about 0.080 rated speed 
: ithout requiting eithér the turbine or the boiler installation to 
> much bigger dr heavidr than would be installed for operation — 
t rated speed and power, point A of Figure 9. | 4 
ng that the turbine has overload 
ta that it can develop rated power 
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two turbine-driven generators per/shaft.. the ship’s resistance 
at rated:‘value and one -turbine generator ‘set\is “shut: down, 
the remaining set can supply its: rated power to the: propelier, pro- 
wewided that the turbine and generator can develop rated: power: at 
0.794 rated speed. The turbine ‘ean’ accomplish this, ‘or’ approach 
it, without having to be much bigger than if, built without any 
overload capacity, However, a, generator, to deliver rated, power 
_at 0.794 rated speed would have to be bigger and heavier than one 
built without such, overload capacity. In usual practice, which is 
- doubtless the soundest one in this case, not enough, overload 
_ capacity is built into the generator to handle the overload capacity 
_ that could be provided i in the turbine. Consequently, although the 

a ‘turbine has, or can be built with overload capacity at reduced 
speeds, this capacity will usually not be usable (at least to its full 
extent) in turbine-driven A-C synchronous motor installations, 
~ because Of limitations imposed by the gerierators, The operating 
characteristics of ‘the turbine-dlectrie A-C synchronous motor 

nstallation will, therefore, be similar to those of the Diesel- 
electric A-C syn¢hronous motor installation. 


_Turbine-electric A-C installations with electronic This 
“type of installation is similar to the Diesel-electric installation 
with electronic control which was discussed previously, except 
~ that it has turbine instead of Diesel engine-driven A-C generators. 
The electronic frequency converter provides a variable speed 
ratio transmission between the. turbines, and the propeller. With 
this type of speed transmission, no overload capacity is needed in 
the prime miovers, as pointed out in the previous discussion of 
D-C installations. Consequently, the overload capacity at rediiced 
speeds that can be built into turbines'is not necessary in this type 
_ of installation and will not résult in better performance than can 
be obtained from an installation powered"by Diesel engines with- 
out such overload capacity. The overload capacity réquirded in 
generators and motors is the same as in the groiorate instal- 
Jation with electronic controk,.) 
Gas turbines; »'While the of: ate not as. yet 
_ thoroughly established by extensive operating experience, ‘there 
seems to belittle reason to doubt: that ‘they’ will ‘be essentially 
similar :to those of a steam turbine, with’ one exception; ‘Due to 
absence of a vacuum, it will be: difficult if not’ entirely im- 
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practicable ite provide.:asreversing turbine, it 
Seems, pirobable: that of! gas turbines fots ship propulsion 
wilk -begonfined installations: with electric: drive) .a::reversing 
1s gear,porta contrdiable and reversible 'pitch propeller: ‘Ail ofthese 
eliminatecthe teed fon a reversing turbine. botst 
Of drives, "Tk Birbitie Hay 
‘that is! tacking“ ‘tHe’ Diese? engine, int Cait detiver 
pated power at? féss°thah fated speed whidh the "Diesel ‘engine 
Without ‘exddeding ite’ rated “effedtive  prévétire. 
19. JON. mi smo. ot 


‘movers in DC tric or A ¢ driv rives, with 
electronic ¢ con atrol, and adds no} ihe rmance t that. can 


cannot, be u A-C_ synch mator., unless. 
enerat rs are. buj with POFFespons overload capacity, . 
aly not be dane ‘and, sie 
id nseq gntly,”.the capacity,’ the’ turbine, at 
educe ced spee sp as, compare with the, Diesel engine “does not 
' practical ‘difference the two, in sofar, ‘their yse 


in electric. c drive installations s concerner 

besqe 9 29D! soAT 
otlt iad moieeimensi} oljst 
nti babsomet vtiosqso bsolrsvo om to 


the purpose of comparison, with, electric. drive installatigns, 
b “the, following, mechanica drives ATE, gonsidered briefly 
Geared turbinerfixed. pitch propeller od mas tect zbooq2 
as» Gsared or. direct drive, Diesel-fixed, pitch propellers to 
- turbinescontrollable and,reyersible pitch propeller 
oi DGeared op direct drive .diesel-rcontrollable seversible pitch 
sient oft mi es 2t0I0m bas 

Geared turbine drive with fixed pitch “propeller. While this 
so type ofidrive,could be built movers:pen shaft, 
point in, doing this) since: the flexibility, of ‘the 
atrangement would less than with iam électric:dsive 
yandctherefore thereowould beifew advantages to asing miultiple 
turbine: prime: thi: usual areangemebt of the! geated 
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drive,’ “thie ‘different turbines which ‘drive’ shia ft are 
Several stages OF what is essentially’ ofily prime’ mover rather 
nuthBer’ Of Sepatate "This type ‘Of drive’has 

ole fixe! speed ratio ‘between the turbine and! the propeller and is 

‘in’ this’ ‘fespect tb) the! ALAC! ative’ with 


“The operating. characteristics ‘of ‘the geare ed turbine a ive’ are 
~ similar, to, those of the drive ‘with ‘synchronous 
‘The geared drive gives downto lower 
than the electric drive, but requires a;jneversing turbine. 
(b) The, overload capacity of the turbine, at reduced speeds 
can be utilized to adv antage if ‘the te uction’ “Beat has the same 
overload ‘capacity. ‘Tt is that this capacity can be built 
the gear fér ‘decidedly less crease in “size“and "weight than 
woukb be required to build the same overload °capatity into the 
generator! fot anvelectfic ‘Urive (with S¢yntronous! thotots?* This 
would give the geared drive..somewhat,of,an advantage since, 
Whea, the. ship's. resistance is increased, -by, fouling, the, geared 
drive would be better able te dgliver, rated, power; to the:shaft at 
reduced, propeller, speed. which would:be necessary. 
Geared or direct drive Diesel with fixed piteh propélle#)>Fither 
of these fixed ‘speed ratios between the ‘engine and the’ pro- 
ipelleryand the operating’ ‘characteristies ‘are’ similar to” those “of 
the drive! with? syrichrorious “ex¢épt 
‘that feversible engine or-reversing’ geats are required) 


or Diesel drives with: controllable and. reversible’ ‘pitch 
opeller. controllable and reversible pitch propeller elimin- 
the need for a .Teversing turbine, reversible engines or revers- 
“ing gears. The feathering of the blades, the’ ‘equivalent of 

“uncoupling the shaft ‘from ‘the p rime Por TF the ‘pitch 


ment can be madé in ‘small. “this feature’ (possibly in com- 


bination’ with’ etigine ‘speed would” give’ sin th; 'con- 
‘Of the ship's’ ‘speed’ its! entire range. 
vated UF the in’ (Without BVerldsding 
them), Whe’ the’ ship's! than 
BORNE BF Bie! ‘prime de’ shut 
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Consequently,.the drive with,a controllable and reversible; pitch 
should haye characteristics similar to:those of the: direct 
current drive, or ;the, alternating current. drive. with electronic 

control. and fixed pitch propeller. The controllable, and reversible 
pitch, propeller provides the. equivalent of a variable ‘speed ratio 
between the prime movers and the propeller, While, this, type. of 
drive is not as yet extensively used for ship propulsion, except in 
“small, capacities, it gives. promise of duplicating the flexible per- 
formance characteristics of the direct current electric drive. How- 
ever, the controllable and reversible pitch propeller drive is not 
‘as well adapted as the electric: ‘to use of prime 
‘movers per shaft. 


SUMMARY OF AND Sprep Ratio. 
TRANSMISSIONS FIXED PitcH PROPELLERS, 


results discussed throughout . previous of 
_this article, the following conclusions, can. be, drawn regarding 
these two types of-transmission, both with fixed york ee 
Variable speed ratio transmissions. 
(1) some winits in’a ‘multiple primé mover are 
shut down, the rated power output of all left in’ service can be 
applied to the propeller without’ the 
.movers.in.any way. 

(2), When. all prime movers are in use.and, the ship's 1 
to more than rated value, rated power can be applied.to 
the. shaft without, overloading the prime’ moyers in. any -way. 
However, the motor. in electric drive: installations, or the: power 
_ transmission in a variable speed ratio mechanical drive,, must be 

“capable of delivering rated power at. somewhat Jess than. rated 
speed. 
(3) Propeller and ship speed can be varied independently, of 
prime mover speed, and, if the speed ratio is variable in many 
_small steps, smooth speed control is obtained, 
es (b) Fixed speed: ratio transmissions. provide none of the. ives 
_ elements of flexibility listed above for the variable speed. ratio 
transmission. Smooth speed control oyer the. entire range of ship 
speed can be obtained. with a fixed speed ratio transmission only 
vag mover is one capable of,,smooth speed control 
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. Does installation provide a speed 
reduction mover 
and propeller? 


Yes 


. Is the power transmission, between 
prime mover and propelier a fixed 
or i speed ratio trans- 
mission? 


Variable 


. Does installation 


cocoupling prime hover from 


Yes 


& 


Does installation 
torque astern as 


vide full 
as ahead? 


Yes 


Yes 


Does installation provide smooth 
speed control over entire range 
of speed both ahead and astern? 


Yes 


Yes 


g 


rated value but than the full 
number of prime movers installed 
are in use? 


Yes 


required to perform- 
ance specified in 7 above? 


Motors must have over- 
size frames to allow 


DIESEL-ELECTRIC 
f 
Diesel-Eleetric Diesel -Electric Alternating-Current | Alternating-Current || Steam or Gas 
- urren: or 
oe Direct-Current Series | Direct-Current Paral- With Synchronous With Electronic Electrie Direc 
He Loop lel System Motor Control Series L 
5. | Smooth speed controi Yes 
between 25% to 100% 
; speed range only. 
Is installation readily adaptable || Yes Yes = 
: to use of muttiple prime movers 
per shaft? 
7. Ih multiple prime mover installa- || Yeo cc No Yea |= 
tions ¢an rate¢ power output be 
obtained from each prime mover 
g in use when ships resistance has A 
None, but motors re- po Not ; None, but motors re- || None, but m 
i iatics apart from over- | sufficient field strength- istics apart from over- || isties apart fr 
load capacity. ening to alow motor. load capacity. load capacity. 


¥ Yo ¥ Smooth | 
ox. 75 to 100%. 
¥ _No No Up. to 
Yes Yes Up x 
it 
are provi 
¥es No Yes Yes No 
Not None, but métors re- || Not applicable None Not’ 
None, but motors applicable 
isties apart from over- istics epart from over- 
load capacity. toad capacity. 


Steam or Gas Turbine | Steam or Gas Turbine ' 
Steam or Gas Turbine | Biectrie Alternating- | Electric Alternating- Steam Turbine | Geared Steam " | 
Electric Direct-Current Current with Syn- Current with | Turbine with Fix 
Series Loop chronous Motor tronic Control _ Propeller able Pitch Propeller 
Yes Yes Yee 
‘ 
Variable Fixed : Variable sak Fixed. Fixed, but same effect | Fixed ~ 
Yes Yes Yes - Ne No, but same effect is | Yeu, what 
obtained by feathering | electro-n 
Yes Yes Yes | No Yes 
up to Un 


= obtained by feathering | 
propeller. 
Yes Yes Yes No Yes 
ig e 
re 
u 
: ve 
Smooth Speed Control | 
with steam turbine 15-| 
100%, with gas turbine 8} 
approx. 76 to 100%. 
Yes Yes Yes No No u 
if 
m 
Yes No Yes No Yes N 
None, bet motors re- || Not applicable None N 
quire special character - 
istics apart from over- 


TABLE I 
TURBINE-ELECTRIC 
Benating-Current Steam or Turbine | Etectric Alternating- Electric Alternating- Geared Steam Turbine | Geared Steam or Gas 
|| Blectric Direct-Current | Current with | Current with Blect with Fixed Pitch | Turbine with Controll- 
ae Control Series Loop chronous Motor tronie Control Propelier able Pitch Propeller 
ii ie Variable Fixed Variable Fixed Fixed, but same effect | F 
a as variable ratio. is 
obtained by varying 
pitch. 
but motors re- 
special character- 
=e apart from over- 
capacity. ‘oad capacity. oad capacity. | 


MECHANICAL DRIVES 


Geared Diese! with Geared with Dirset Diesel with 
Fixed Pitch Controllable Piteh Pitch 
Propeller 
Yes Yes No 
Fixed. Fixed, Sut same effect | Fixed 
is 
piteh. 
Yes, when hydraulic No, but same effect is | No, unless a clutch is 
slip ubtained by feathering 
hen Yes ¥ when 
reverse gears are used 
up to limitation of re- up to tion of gear 
verse gears. 
Smooth control | Yes Smooth 4 
between to 100% to 
speed range only. specd range only. 
| 
are pro are 
No Yes No 
Not applicable None Not applicable 


team or Gas Dispel with 
ith Controll- 
th Propeller Propeller 
ty 
ame effect is but same effect is 
by feathering 
feathering 
* 
‘ 


~ 


than alternating 
current equipment. 


9. Can rated power output be ob- || Yes Yes No- Yes Yes 
tained from all prime movers in 

when ps resistarce is in- 
creased by footing, tow or other 
causes to more value? 

10. What features are |} None in engines or | Motorsmusthaveover- | Not applicable None in engines or || None in engi) 
lormance || generators. Motors | size frames to allow generetors. Motors || generators. 
specified in 9 above? must be able to deliver | sufficient field must be able to deliver || m able to 

power at less to slow motor. rated power at less || ra power s 
than rated speed. than rated speed. than rated speec 

11. Can instaliation be built in such || Yes, but not usually | Yes Yes, but not usually | Yes Yes 
a way that one prime mover can || pro because sev- provided becausd sev- 
be used to drive two for || eral units are normally eral units are 
slow speed operation? furnished for each shaft. furnished for cach shaft. 

12. Can reversals from full power || Yes Yes Yes, if dynamic brak- | Yes Yes 
ahead to maximum power astern 

18. Application for which best suited? || For tugs .and ‘vessels For Submarines & for | For power | Suitable for type || Not used in Na 

requiring wide range | surface vessels eee | range. Roughly for | vessel a to 
smooth speed control, | wide variations o requiring 8000 | 12,000 $ t. 
roughly suitable for | loading such as ice | to 12,000 SEP Shaft. 
wr up to 3000 SHP/ ers. 
14, What are principal advantages? 1. Bigh.efficiency i. High and | 1. High efficiency and | 1. High efficiency and spee 
long cruising radius. long cruising radius. long crusiing radius. pan 
2. Smooth con- | 2. Smooth con- | 2. pce me a! 2. Smooth speed con- 
trol, item 5 of table. item 5 of table. ed electrical trol, item 5 of table. 
Te rated ow ra’ ow 
s 7 & 9 of table 7&9 of table, current or item 7 & 9 of table. 
4. Because of items 2 | 4. Because of items 2 drives. 
opera’ eharacter- opera: character- weigh any 
istics. isties, electric drive. 
15. What are principal disadvantages? || 1. Direct t 1. Requires oversize | 1. Dow not have wide | 1, Has the added com- || 1. Low efficienc 
ment is heavier, has ion motors. vente speed control cation-of the elec- || 2. Greater weig 
er cost & is more | 2. complicat- or ability to produce roni¢c frequency || 3. High cost. 
cult to maintain ed control. rated power from converter. 


 DIESEL-ELECTRIC 
Dies»i-Electric Diesel-Electric 
Diesel-Electric Diesel-Electric Alternating-Current Steam or Gas T 
2 Direct-Current Series | Direct-Current Paral- Synchronous With Electronic Electrie Direct- 
Ls ay Loop lel System Motor Contrel Series Loo 
each prime mover 
under all conditions 
of cperation. 
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TURBINE-ELECTRIC 
Steam or Steam Turbine Ges D 
Steam or Turbine | Electric Alternating- Electric Alterna’ Geared Steam Turbine | Geared Steam or Geared 
Direct-Current Current with Syn- Current with Elec- with Fixed Pitch Turbine with Controll- Fized 
Loop chronous Motor tronie Control Propeller able Pitch Propeller Prog 
Yes No Yeo Yes to a limited extent | Yes | 
| 
None in engines or | Not applicable None in or || Required-overload cap- | None Not applica 
‘generators. Motors generators. Motors acity usually inherent 
must be able to deliver must be able to deliver. in normal design, 
rated power lees rated power st 
than rated speed. than rated speed. 
Yes Yes Yes No No No ES 
Yes Yes to | ¥ 
can be quickly applied. 
Not used in Naval in- | Suitable for steam | Suiteble for steam or |} Suitable for steam | Suitable for any 
stallations. ven gas turbine vessel of |} -vensel of steam driven vessel for 
up to maximum power | any power up to be , which required size 
in any ship. city of pay sat variable pitch propelier 
tronic tubes. 
Stooth | i. Simplicity of 1. |} L 
trol. Sof table. Rage 2. 3 trol, item 5 of table. 
2. Ease of mainten- | Ability obtain 8. Highest ot “2. Ability to obtain | 
rated pawer ou any steam plant ra 
3. Good reliability. || Fated | of table. 
1. Low efficiency. 1. Does not have wide | 1. Has the added com- {| 1; Requires 7 eficency 1. Doss 
2. Greater control cation of the elec- a is lowered as range 
rated powcr from converter. 2, ity 
each 
under 


of operation. | under al 


TURBINE-ELECTRIC 
iectric Diesel-Electric Steam or Gas Turbine | Steam or Gas Turbine 
Current Alternating-Current Steam or Gas Turbine {| Electric Alternating- ic Alternuting- Geared Steam or Gas 
hronous With Electronic urrent Current with Syn- Current with Elec- with Fixed Pitch with Controll- 
r Control Series Loop chronous Motor Con Propel able Pitch 
Yes Yes No Ye Yes to a limited extent | Yes 
e None in engines or || None in engines or | Not applicable None in engines or || Required cap- | None 
generators. Motors || generators. Motors generators. Motors || acity usually inherent 
must be able to deliver || must be able to deliver must be able to deliver || in normal design. 
ra’ power at less || rated power sat~ les power at less 
than rated speed. than ratei speed. than rated speed. 
t usually | Yes Yes Yes Yes No No 
mused sev- 
normally 
ach shaft. 
Yes Yes Yes Yes Backing power ta. | Yes 
rating of astern turbine 
can be quickly applied. 
Suitable for type || Not used in Naval in- | Suitable for any steam | Suitable for steam or || Suitable for steam | Suitable for type 
vessel to || stallations. driven vessel requiring | gas turbine vessel of ot any power. or 
12,000 "SHP t. up to maximum power | any power up to or which required size 
installed in any ship. of variable propeller 
tubes. is 
1. High efficiency and 1. Simplicity of opera- | 1. Smooth ¢on- || 1: Simplicity. con- 
ne crusting radius. trol. Item 5 of table. tion. ‘ trol. Item 6 of table. |i 2. Reliability. item 5 of table. 
2. 2. Ease of mainten- | 2. to 8. Highest 2. to 
rol, item 5 of table. ance. ra’ wer any steam plant a ra wer 
8. to obtain 3. Goud reliability. item of table. rated power. of table. 
ra it. 
1. Has the added com- j} 1. Low effi m 1, Does not have wide | 1. Has the added com- || 1. Requires 1. Propeller vag oar 
ication. of the elec- {|} 2. speed control ication of the elec- is lowered as pitch 
roni¢ frequency || 3. High cost. or ty to produce ronic frequency reduced from rated 
from converter. rated from converter. 
Sime mover each mover fully developed 
conditions under ail conditions for high power. 
ion. of operation. 
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[Steam or Gas | Geared Diesel with Geared Diesel with Direct Diesel with Diesel 
with Controll- Fixed Piteh Controllable Piteh Figed Pitch 
Propeller 
No Yes No Yes 
3 Not applicable None Not applicable None bs 
No No No TNe 
No Yo N on small | Yes 
gears. 
fi Any diesel dri: Any diesel dri ves- | Small auxiliary coastsi | Small auxiliary coastal 
toe sel for which or harbor vessels. or harbor vessels. 
required size size variable 
peller is a 
ith speed con- 1. High efficiency and | 1. High efficiency and | 1. High oMelency and | 1. High efficiency and 
item 5 of table. long cruising radius. long cruising radius. long cruising radius. long cruising radius. 
ity to obtain 2. Smooth con- 2. Smooth con- 
: pat 2 t trol, item 5 of table, trol, item 5 of table, 
& 9 ol 8. Ability to obtain Ability to obtein 
rated rated ou! 
eller | 1. Docs act have full 1. Propeller efficiency | 1. Heavy. weight. 1. Propeller, efficiency 
cored range of is lowered as pitch is lowered as pitch 
ced from rated speed control or reduced from rated peret oat peeeeee reduced from rated 
2. ability to value. 8. Does ‘not have full value. 
fully developed rated power from range of smooth | 2. Limited tooneprime 
igh power. prime mover po control or per propeller. 
under all conditions a to produce | 2%: Heavy weight. 
of operation. rated power from ~ 
under all conditions ee 


of operation. 
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movers can be delivered to the propeller only when all are in use 
and the ships resistance is at its rated value. The operating 
characteristics of a fixed speed ratio transmission are, therefore, 
inferior to those of a variable speed ratio transmission. The fixed 
speed ratio transmission is, however, usually simpler than a vari- 
able speed ratio transmission. 


_ TABLE OF CoMPaRISON. 


Table I permits a ready comparison to be made aren the 
salient characteristics of different \typés of drives for ship pro- 
pulsion. This table does not give quantitative estimates of effi- 
ciency, weight, space, etc. since these requite detailed considera- 
tion for each specific case, ‘but it does give some idea of the 


probable direction of ‘differences in’ these’ ‘TeSpécts! “Its principal 


value lies in’ the overa'! view of ‘the Chatacteristics of propulsion 
installations which it provides: a view" whith is necessary ‘as’ a 
starting point’ for more’ detailed investigations. No one type of 


propulsion installation is superior to” the’ others all ‘Tespects: 


The table makes it possible to sec. at a glance what desirable 
features are possessed by the different types Of installation, and — 
what is necessary in order to obtain these features. 
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MECHANICAL IN Marine ENGINEERING 1946.) 
SELECTION OF MARINE DRIVEs.. wriBlisten: 
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ROLLER BEARINGS IN STERN TUBES. 


—Mechanical Engineering, March, 


—Motor Ship, August, 1946. 


Protects U.S. Navy’s INACTIVE FLEET. 


—Heating, Piping and Air Conditioning, March, 1946. 
RusTING CHARACTERISTICS OF TURBINE LUBRICATING OILS. 
—Mechanical Engineering, October, 1946 . 


ENGINEERING ‘Lxseces AND GAINS OF THE REcENT YEARS, 
—Westinghouse Engineer, January, 1947. 
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itereging bu Britsin ‘over the’ 
past year inMarine ‘Eng rintéed from the January’ 1947’ isstie’ of” 
“‘Shipbuifding ‘and Builder: "Phe article doés riot cover’ 
field: in detail, ‘but’ detve as 4 guide''to further reading for those ‘who: 
are interested in British developments along‘a those who 
this annual, sutvey»has to be considered. ;What-are- so far as 1946 
Probably,na.two marine engineers, would ; 
io to. this question, but,. in our, View, the, fol 
whi outline, provide the-framework:within, whi 
pictaine may. the ousting of coal.as a. maritime fue 
practical interest in.gas turbines; the successful redivivus oflow-grade| boiler- 
quality fuel oil.as a: uel-for Diesel engines; the made. in-connection 
with geared steam turbines and, water-tube boilers tor tonnage which, 
the war, would, in all probability, have-been equipped. with Diesel engines; — 
andthe ‘completion. of several important British-built turbo-electric' vessels... 
From a national, rather than a technical, point of, view the entry iato. normal . iti 
transatlantic service of the.Cunard. White Star'liner: Elisabeth cannot be 
overlooked in this:survey; for she.is a ‘‘new'’ ship so far.as'the Press, / 
is concerned. Broadly: similar to: her famous sister, the Mary, in;so far. 
as main-machinery characteristics are concerned, the Queen Elizabeth.is note- 
worthy im that she hes.no more: than. 12, Yarrow. wwater-tube boilers.for her 


who! 


comme the upper and 
ndegard to maint me interesting: four -pinion, | veasing 
layout, with: ai form of nodal dnive, which proved .so,suceessful: in: the I 
Queen, has been adopted in thei more recent ship; and, performance records ant 
certainly. justify. the choibe; | Both ships played,aystrenuous part the, 
on 

It is. interesting-to con, might have been the’ behavior .of 
ol inte. they, been, called u Upon. 
to undertake’ such with a minimum /jof.attention, Itis, 
in our, view; that their advanced) turbine machinery.and ultra-. 
modern boiler plants | would given sueh a account of| 
experience with both-naval and mereantile v Suggests this, and.it seems 
certain that. the operational economy for: repair.and.maia. .... 
tenance charges, would: scarcely: have ‘been: hough, the Qu 
may appear conventional ‘to Gontinental.marine engineers—and even perhaps. 
too have: clearly. been, built 'to,a machinery! 5 
which, for onerous service and sustained reliability,is admirables: 

Coal as a fuel ro ships has become a mainly academic interest, to- marine 39 


Od. make it) 

superfluous. to séek technical. e ions 
burning:ships with erstwhile | ing owners. With even: greater em 
the present-day, popularity:of che motorship.draws attention to the unhappy, 

coasting ships, for instance, contemplate:placing \egal-burning ves-. 


aa 4 
a 
4 
hormal service: power 08 is Certain, MOreover, Uld 
large boilers could provide steam for a considerably.greater output than. that ; 
mentioned, and. which sufficient to give,a, service speed of about.2834 knots. q 
Service experience! with these boilers—as with.the main.and auxiliary.machin- 
a 
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sels, relatively attractive in' first cost as they may’ ‘The latest~and larg- 
est—‘‘flat-iron” collier, designed for service’ between North-East ports and 
the Thames, has. been equipped with Diesel propelling machinery for. very 
sound reasons; it seems unlikely that. coal-using steam installations will. 
reapores for this service when more vessels of the type are ordered. 0 
tactical interest in the turbine has already been displayed by one 
British. shipowning company, for, in 1946, it was announced re the Anglo- 
Saxon Petroleum Co., Ltd., had ordered a 1200-S.H.P. set for installation in . 
a Diesel-electric oil-tank ship now being built on the Tyne. The vessel, as 
<r conceived, is of considerable,technical interest, for she is to be 
pelled by four Sulzer four-stroke cycle Diesel engines directly siadiek te 
generators which will supply electric energy to a‘single propelling motor. The: 
engines afe to be pressuré-charged on the Buchi system, and/it/is worthy of 
note that this ‘will be the first large ship to be propelled by Sulzer four-stroke 
cycle éngines. ‘The ultimate intention, it is inderstood; is to replace one of the — 
Sulzer-engine ‘sets gas ‘turbine ‘and’ generator,’ for ‘which the: British 
Thomson-Houston Ltd.; are tobe responsible. In ‘thisway, a usefuy>.: 
amount of sea’ experience should be accumulated; and, in the:event of ditticulty: 
being experienced, the comparatively-high normal speed’ ‘of the vessel will 
suffer only slight reduction. This is a development concerning which further 
news will be awaited with interest, perhaps even: impatience, by all. who 
believe—as does this journal—that the gas turbine has an:important future — 
in the sphere'of ship propulsion. 
her'developments in connection with gas turbines are envisaged by the . 
Anglo-Saxon’ technical ‘experts, and their two-unit turbo-electric installations 
will provide them safe basis for ‘a more ambitious experiment than that 
just referred ‘to’. It is planned to ‘substitute for one of the steam turbo- 
alternator sets in'a Helicina-class ship, a gas'turbine of equivalent net output— 
assuming, of course?that’ the smaller trial anit in’ the Diesel-electric ship: 
proves successful: fhis' more ambitious scheme’ will be watched with great — 
interest, as the plant will have an’ output capacity likely to'appeal to many 
owners. Here, again, if for any reason the gas turbine’should have to be shut 
down, the vessel will be able’to proceéedon the single steameturbine-driven 
alternator—a comforting consideration which will doubtless accelerate the — 
experiment. 
An interesting — if briefallusion to marine»gas turbines was made by 
Lord Aberconway at the recent launch of the Cunard White Star liner Media 
from the’Clydebank ‘shipyard ‘of Messrs: John Brown & Co:; Ltd: Two sets 
of turbines are now being built in their shopsand a'third unit is on the d awinz 
board. The! completion of ‘the first of these experimental ‘sets: (concerning 
which no information has so far been released) will be awaited with keen © 
anticipation.‘ Meanwhile, developments in Switzerland are proceeding, if more: 
slowly; on’ the marine ‘side. ‘Messrs. Brown, Boveri & Co.,; Ltd., at.one time’ 
had high hope of installing ‘a ‘gas turbine for main propulsion ima ‘Liberty’? 
ship, but the project was eventually abandoned!: The Swiss! firnr have, how- 
ever, completed'a number of: stationa turbines ‘during ‘the past year, 
including some‘ of considerable size, and they have put forward a'number of 
marine ‘proposals: te regard to their unique experience ir: connection 
with the gas turbine and their sound marine engineering reputation; one may. 
hazard the guess that they ‘will not have to wait much longer for-their first 
marine’ order:' Like many British marine engineers, they favor the 
layout rather than the gas turbine-electric ‘system and adjustable-pitch pro- 
pellets figure in most 'of their’ pro 
The’ serious’ demerit of the gas’ turbine for marine duty is:the large 
size of the associated air heaters and recuperators, and the considerable amount ~ 
of large-diameter’ pipe work involved: . The latter feature, it seems, will be 
most difficult ‘to improve; but we may hopefully look for rapidadvances in 
the design‘ of air heaters and’ recuperators, Indeed, ess ‘must be made) 
here if gas turbines are to attract owners to the extent ‘which their technical: 
potentialities‘ promise: Messrs. Sulzer Brothers are one ofthe many firms 
engaged on the whole broad ‘subject, and, in' their development work, this: ° 
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the sine, units.is being kept well to the 
thermal efficiency i is foes or their superior to the 
best ractice at,all loads, they assert...A S.H.P. installa- 


Bit tion is almost ready for test, and we shall, no doubt, be in'a pesition to describe 
it in due course,. Meanwhile, this p: ive firm are improve 


their standard range of marine and other Diesel engines, and to develop their 
‘‘power-gas’’ and high-supercharge processes, which promise interesting results. 
Other British companies have been mentioned during the past year in. con- 
nection with marine gas turbines; and it is ra ps yoo that nota sy of _ 


have substantial interests in the of tu 


at Wallsend under the immediate of Dr. ide W. F. Brown. 


duties. Of these firms, only Messrs..C, A & Co., Ltd., the 
point at which. they. permitted details .of an actual ex; imental. set to be 
released. The Parsons open-cycle. gas-turbine plant of 900 (available). horse- 


power is a straightforward machine which has now. donea considerable amount 


of running, According to present indications, it seems unlikely that the design 
will be developed for marine work—although the fact must not. be overlooked 


that Messrs, C. A. Parsons & Compan the turbe-stec turberelec 
for the new Canadian Pacific 


No doubt, the experience cained in operating this gas will be 


_ available for investigation by the Parsons and Marine E ngineering Turbine 


Research and Development Association (Pametrada), now in active operation 


Association, of course, have their own plans for marine gas turbines, tho 
the form their design will take cannot be discussed:at present; but, with =: 


ample resources and growing testing facilities ‘at’ their disposal; Pametrada 


should be able to offer to sponsors a sound design much more quickly than 


290 would otherwise be possible. The’ Association will also; of course, confer 


undoubted benefits on member firnis'in ‘regard to steam ‘turbines of improved 
design and performance. 
Among® eee items of the research program carried out largely on the premises 


of Messrs. A. Parsons and°’Co., Lt while the ‘Association wére awaiting 


the completion of' their own buildings and the acquisition of research’ ‘apparatus, 
are the following:— 

A stress atialysis,’ by photo-elastic means) of certain’ types’ of ‘straddie-root 
forms of turbine blading was carried out, it ¢onjanction with tensile tests on 
actual materials similar to those used inthe blades and rotors} to determine 


_ the best proportions of the bearing surfaces of the roots. 


Tests on a research turbirie incotporating reaction: blading ‘having a’ bull- 
nosed entry were ‘carried These tests‘eovered both‘end-tightened and 
radial-clearance blading. tests, corresponding: to of 


wh blade speed to steam speed, enabled efficiency: figures ito be 


A spray-tester rig of Pametrada design was first erected and tised in their 


6 research building.» Experiments to:determine the quality ofthe spray: from 
ywere carried out, 


and the Association have thereby added considerably to’ their design data for 


_ gas-turbine sprayers:using heavy fuel-oil. 


Prelimi experiments have been made on! the strength of the fastenings 


built-up dia phragms, and>these are>to be. ay a: further series of 


experiments inthe near future. . 


Equipment for the study of phenomena bode: developed; the 
latest instruments and electronic techniques being incorporated. 
On the metallurgical side, there’ has been’ close liaison: with forges 


‘producing high-temperature materials, and data the properties eral 
materials; to. be used in marine accumulated. 
The of steam-turbine materials during. 


> 


In this. survey, we asked, a, number of 
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installa fions of the past year, and, ‘without exception, those Of the new Beaver- 
liners of: Canadian Pacific fleet singled’ out -for’ 
Many readers ‘will; no doubt; contr inthis’ assessinent.’ teheat 
di eyelé single tiirbo-alternator ‘anit Of ‘considerable’ ‘size, and 
at 'apresstire of’ potihds per square inch ‘afd temperature 
ons. Fs ‘exceptional, to'sa'y thé Jéast} but the technical 
of’ the designers of the Beaverdell and sister ships does’ rot end 
“boiler? afid this unit mcorporatées rehea as well*as superheating 'settions. 
A Howden-Johason ‘combined fire-ttibe wa ter-tube' auxiliary boiler ‘gener- 
ates saturated steam fordomestic ‘services, and turbi land 
‘and fuel-oil heating duties. “Not'the least interesting t the tion 
the manner in’ which ore of thie comparatively lew Diesel-genetating 
gets ihtandeni Parsons alternator and an’ Aller machine, 
bea 80 that) in the event of the niain ott of commission, 
‘the Allen Patsots Diésel-alternator tan supply cient “ene the 
stéérage ‘way'on the speed of abou tit 634 
ots was obtained on trial with this arrangement. 
The new Beaver ships have, performed well in service and have a: very 
oh e fuel economy. ir machinery installations.and the ‘ermance of the 
t 


ter forned the subject of a recent paper resented by Mr. A. W.. Davis, 

Sc:, to the North-East Coast of Engineers and 

all who seek further information on a h development in marine 
Pages are urged to study it; they wi haat in it much to.stimulate thought. 
Another interesting turbe-electric ted.in. this country in 
‘recent moaths jig that, of the oil-tank ship, Helicina, The B.T.H-,main, turbo- 

equipment of this; vessel represents a more solution 
opulsion problem for a large high-powered. single-screw ship than does 


Beaver vessels., Her.owners (the Anglo-Saxon ‘Petroleum Co., Ltd.) 
prefer to have two turbo-alternators, and ov Persie an exacting service, 
. ¢hoice,has,much., to commend.it,, . Moreover,.if position in. regard to frei ht 
not the high speed of which is capable, one tu 
at be shut down and a more economical (but still comparatively 


high) speed maintained, with one set beta at optimum HORCAEY. 
boilers in the Helicinado not. incorporate.r eheating| units, as.do 
soon ‘as supplies are,s ja experiment. 
In connection with this ‘cco the: Anglo-Saxon € ny sponsored 
(conducted«at the -works: of «Messrs. (Swinney Ltd., 
Morpeth), designed to»investigate the: burning of low-grade asphalt-base fuel 
under marine:boilers,Wiile-this may not-be. such: difficult undertaking 
presented ‘bythe: iment--in which a similar problem 
taekléd in‘connection with the tise of low-grade fuel-im a Diesel ehgine— 
othe utilization of retical -viscous petroleum residueéias. boiler fuel a 
number. of» culties which ‘have beet: solved :to: the owners’ satis- 
faction, intended to‘ operate the recently:completed Helicina on 
such fuel oil, but, at the time of her! trials, supplies: were not-available-im this 
country:! In due course; the Anglo-Saxon Petroleum Co., Ltd-; will, noidoubt, 
"give an ‘account of ‘their nee with this heavier fuel oil; the satisf actory 
employment of which under marine 


The steam steam-turbine: installation, ‘with géeating, 
; hag made notable’ héadway in Britain during rétefhit years, and farttier orders 
for sich machinery were placed ‘dering the period under review.’ “The tiodern 
form of double-reduction gearing constitutes a reliable piece of mechanism 
which has effectively lived"down the evil reputation the principle earned for 
Ttself after the first world ‘war: ‘Much’ has ‘been 1éarned concerning the need 
BE wad gearing design géfterally, and invéstigation 


and improvement are not standing ‘stil, ‘déspite the saretactory stage which 
shas now-been reached, ons. ct 125900 910 fst 
to vadopting: astern: ‘turbines im one casing only, but sérviceé has shown 
-beethe itor be satisfactory’ incnumerous dfistances, there ‘is no 
:c@bjection torthed oration of astern blading in beth if the lar 
Conditions ‘cali:for astern power, and’ such setsare, in fact, ‘being built. 
With’ the ineréasing’ steam’ temperatures ‘envi visaged in the for still 
‘performatices ‘ftom’ geared- ‘installations, astern, elements are 
Bound,’ alinost inevitably, to becorhe an increasing worry to the d 
Recent ‘concerhing their’ latest shows that, in the i 
diate’ ‘pre-war “period, German’ desighers were"alive to fficulties. Sp 
2 relia in irgest geared-turbine instal tions ‘ha’ astern 
taking ‘steam ‘at "temperatures hitherto’ ‘considered: fo for 
An alternative solution t the reversin; lem, in its rela io modern 
,) Steam conditions is the a loption of ae nical reversin this is 
not an impracticable proposal shown in the Tinie 
reference has already been made. The author bri such: 
sil now in couirse of development, and the, which accompanied his. expen 
on tion showed it to be not only ingenious, but also, so far as.could be. ju : 
“practical, “A large-scale éxpéeriment would afford confirmation of its value at 
ae and it is hoped that a suitable opportunity may be found to incorporate 
€ system in a ship, “Clearly, the scheme’has great potentialities for use in 
, association with gas turbines, as well as with, steam: turbines, and this fact 
doubt encourage its sponsors to press, forward vigorously with its 
It is nO exaggeration to:say that. of astern power 


ary 
rol sveb: maed 


‘119 the factors ‘steam consumption in a 
of moderate: size,zand.-very. satisfactory: results-have 
fecourse to, refinements which ‘entail high: 
lication. The present survey is: scarcely. the: place «to discuss: the: general 
eatures. of the, design,. but; the: latest test development—-perhape an inevitable 
one She; - with ken steam turbo- 

unexpectedly, the !results’ have ‘been excellent. With: coal as ‘fuel, and ‘with 
opeheater and turbo-compressor in operation; suchean’ engine, of 1800:2.H.P., 

hour~a remarkably fine performance. ‘At presént juncture, when: oi 
omote that:this; represents a) specific: consumption of und 


odds tions of this design would appear to have considerable interest forthe owner 

at machinery, © ism 

lation of this kind: by eaters capable 

>> of temperature inthe legrécé instead 
the moderate’ figure of about 600 degrees 'F in, ‘the ‘vessels for 


: 
‘ 
Has Deen mace previous surveys to the <sotaverken 
quadruple-expansion marine steam engine, in. which noteworthy economy in 
_ steam consumption is achieved without sadical from 
are sucl tained with Scotch ‘boilers | 
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On more than one ovcasion in these annual surveys we have ‘commented 


upon. the stage of stabilization which large marine oil-engine design has reached, 
and in this.connectionit.is interesting to note the considerable number of 
firms in this country who now hold a license in-respect of the Doxford a 
peer engine. Among them are ‘such. well-known companies as the North 
Eastern Marine Engineering Co. (1938), Litd., the Wallsend Slipway & Engi- 
neering Co., Ltd., Messrs. Swan, Hunter, & Wigham Richardson, Ltd., and 
Messrs. R. & W. Hawthorn, Leslie & Co.; Ltd.; while, overseas, the Wilton- 
Fijenoord organization are now in a position to offer machinery of the Doxford 
type, in-addition to engines of other designs with which their name has long 
been associated. The Canadian-Vickers arrangement represents another over- 
seas license. . In view-of the technical and practical success of the Doxford 
éngine—the company recently announced that no fewer than 163 opposed- 
piston marine oil engines of the Doxford type were under construction in their 
own works and those of their licensees—this extension of licensing arrangenent 
not only represents sound policy for this country, but is a development which 
will be welcomed by many shipowners and superintendent engineers. 
Reference to the building of marine oil engines under license recalls the fact 
that Messrs: William Gray & Co., Ltd., West Hartlepool, last year acquired a 
license enabling them to build marine Diesel engines of the Polar design. This 
pte oe have not hitherto built Diesel machinery, and their decision to take 
up the manufacture of a popular engine; with long experience behind it, is one 
which has much to commend it. Any endeavor to enter the market with a 
completely new marine oil-engine design at the present juncture would prob- 


ably represent questionable commercial policv, irrespective of the merits or 


ial characteristics of the design; and, in any case, to manufacture under 
license is certainly a sound and practicable Course, both economically and 
technically, for a newcomer today, however well known. 

Messrs. Gray are to build one type of Polar engine, with one size of cylinder, 
corresponding to the latest and larger version of this well-known engine, which 
has been developed in Stockholm during the fast few years. Known as the 
‘MT type; it is rated to develop 400:B:H:P. per cylinderat'250 R.P.M.—a ve 
u:eful size for direct-drive installations of medium power; or for those in whi 
indirect propulsion (with multiple engines and ‘reduction gearing) are con- 
sidered appropriate. In’this particular version of the Polar engine, the Atlas 
Diesel Company's fatest fuel-injection arrangements; which make for’a very 
smooth-runningand quiet engine, are in rated. Scavenging air is su 


_ plied bya compact fan-type ‘blower (of fairly “high speed). m place of 


reciprocating pump formerly employed. 
The latest Sulzer crosshead-type marine Diesel engine; embodying, as it 


does, a number of improvements and refinements in ‘design, makes it particu- 


larly attractive for cargo-ship and intermediate-liner propulsion. Standard- 
ization. nas -been carefully ‘Considered in the development of the range. Al- 
though’ engines of the have been built in'Switzerland by Messrs. Sulzer 
Brothers in recent mon the first British-built example: has only..recently 
been ‘completed. by Messrs: Alexander &: Sons; Ltd., Linthouse, 
Govan, Glasgow. An. improved design of «cylinder better :codlin 
arrangements around: the combustion-chamber: end’ of.!the liner, modifi 
framing, changes in crankshaft design, 4 new: piston design and a different 
arrangement;of crosshead» and small-end bearing are somie of the changes 


which make, this engirie even better 'than the Sulzer single-acting, two-stroke 


cycle unit, which hasigiven such service;in many vessels built before the 
war. Messrs. Sulzer Brothers favor a separate scavenging pump for each 
cylinder, the pumps being driven from the appropriate main . head. In 

e Stephen-built version, however, the normal, single, reciprocating i | 


at the end of the eagine has been retained in.the machinery. recently comple 


One of the most significant technical developments of the year was marked 
by the placing in service ofthe Anglo-Saxon oil-tank ship Auricula, To all 
intents and purposes a standard 12,000-ton deadweight, vessel of this com- 


| 
ia : 
| 
| 
es the 
i" 


pany’s extensive fleet, the Awuricida was’ selected for’ an ‘important full-scale" 
experiment. in: fuel initiated ‘to examine the practical problems 

associated with the possible ‘use of heavy so-called ‘boiler oil‘as fuel'for the 
main’ Diesel-engine cylinders. Service experience has confirmed the practical. 
success of the venture. Thé merit of the development, as we see. it, is that 

such interesting results should have been achieved with what is, virtually, a a 
standard Hawthorn-Werkspoor ‘Diesel engine, with under-piston pressure 
charging. The ‘experiments which: preceded ‘the decision to use this heavy 
type of fuel oil inthe Auricula were initiated about three years ago, when a 
single-cylinder engine, ofthe same cylinder dimensions’ and general‘design as 
the main engine of the Awricula (and matiy other vessels of the Anglo-Saxon 


fleet), was set to’ workon comparatively heavy, Tow fuel oil in the 
Pare Works of Messrs..R. & W. Hawthorn, ie & Co., Ltd., Newcastle- 
on- Lyne. : 


The tions and the experimental m generally - 
were the responsibility, of :the Anglo-Saxon Petroleum Co., Ltd. Before any” 
attempt was made. to burm the heavier fuel, the engine was'run continuotisly | 
for seven. days: on marine Diesel fuel, so that a complete record of its 
performance on ordinary Diesel fuel: might be available to ide a basis of 
comparison for the performance with heavier-grade fuel é next step was 
to employ.a-mixture of norma} Diesel oil.and heavier: Admiralty-type fuel oil, 
and this was successfully with only minor incidental difficulties, — 
Ultimately, it.was,found ible to operate the enginé on' Admiralty fuel oil 
alone after various small,;) but important, adjustments; had been made to 
obtain a combustion efficiency, equal. to that achieved: with; Diesel oil. 
The completion. ofthese experiments encouraged those responsible to.go. 
even further, and the next step,was to.attemptito burn really heavy ‘Venezuelan: . 
boiler fuel oil, having a maximum viscosity of 1500 seconds Redwood I. at 
100 degrees F. The first tests were. made with a mixture consisting of 10 per 
cent of this fuel and 90 per cent of marine Diesel oil, 
having been made with progressively increased proportions of the heavy fuel. 
oil, which the experimenters dubbed Ordoil. Eventually, it was found. possible 
to run the engine’on Ordoil only, once it had been started and warmed through __. 
on Diesel fuel. ‘Much was learned from these experiments, but, naturally, they 
were not of sufficiently long duration to establish with any degree ef certainty 
the amount of cylinder-liner and piston-ring wear encountered with the inferior 
fuel. Nevertheless, the owners, encouraged by the experiments on the single- 
linder unit, decidéd to’ proceed with an insta}lation for a, large vessel, and 
the trials and’ subsequent service’ performance of the Auricula (built and _ 
engined by Messrs, R. & W. Hawthorn, Leslie & Co,, Ltd.) have demonstrated 
that it is eminently practicable for an engine of this type and size to nee a Re 
with what is virtually a heavy grade of fuel oil, hitherto considered suitable 
only for use im ‘boilers. 
The modifications made to the Auricula’s engine were simple and straight- . 
forward. For example, the ‘pressure at which the fuel is injected into the .. 
cylinders-is higher than in’ the standard ‘engine in, which a normal grade of _ 
Diesel oil is employed; and, at the outset, standard fuel lines and connections 
were used, although ‘these have been modified-in the light of Service experience. _ 
A most important change concerns the arrafigements for Securing an enhanced 
standard of purification of the fuel oil, by means’ of centrifuging 
The first stage is dealt with by a standard Alfa-Laval ‘purifier, whence the 
fiuid passes tova second machine, of broadly ‘similar , but which incorpo- = 
r ates certain changes in‘the'plate design of the ‘bowl; this latter machine is. _ 
known as clarifier. The purifier is large in relation to the normal-service 
through-put, the easier rating of the centrifugé being a not unimportant factor’ 
in the attainment of the especially good results necessary for trouble-free 
Tha achieved in the A uricula—indépendent examination has shown 
siderable importance, for it promise of very Savings: 
owners when, ‘as is‘contemplated,’a substantial ion 


| 
‘ 


daily fuel-oil 

to a little. tons—inclu the ail 
for starting opera: the indieations< 


ring wear, “will that; associated nermal ; Diesel, fuel... The 
expetimental is with a. view to,exploring, the: possibility. 
of employing even’ heayier. and, the, hope.,is reliable: «1. 

to ‘Diese t smaller categories, good progress been’ 
the British Interna ternal-combustien Engine: Research Association, who: 
the; m is getting. into. its stride,atitheix laboratory 
staff. 

xperimental .work test engines, undertaken ‘with’ the! | 


aes in. Progress; in connection: 
bending fatigue-of crankshafts,and torsional wibra tion.‘ Useis being:made in’ 
the laboratory the, latest; inve “and: dno 
many. instances,novel apparatus. has-been 

a: ted Germany to tidy 
developments in engine design and bru 


have had-thie of examining; the laboratory, ples of iJ 
engines, wwhith have been tested’ in orfor the laboratory) onols. 
A number. panels have been appointed by the Reseatth: 
to survey opments in) gas turbines, - ing; atid’ “torsional” 
14q OF to A assTgob 06! 
The ingenious Bowes which we have i ai ived 
has attracted tonsiderable among marine eaginesrs, an 
made for it should be substantiated by, service results, it should 
important Contribution to matine engineering progress: only no 
electrical device provide for reyersal.of the Ww sthowt th the. 
of engine-reversing gear or méchanical-reversing gear tialso, consti... 
tutes ani efficient and, moreover,, as4,clutch 
betwéen engine and ‘propeller. addition, electric p wer, for: age 
poses, May taken from, the. Ta at unit,. so af Diesel, 
generating séts in, the may be red ould d.the drive, as 
give trouble, it is comparativel simple to couple : t A andidriven units; ,|../; 
which then constitute a solid drive: This last Point is, of practical significance 
only with the ‘non- -reversing type ‘of Bowes is.of 
the strai dis direct-reve as that in. phe 
—the vessel has so far ted with. the. 
This erican device .offers scope for; the 
of a slow- propel ator, the: 
the propeller speed is. 120 M,. [tis claimed, that the combined weight of - 
the compact le trunk-piston, main engineand, Bowes-drive unit 
is less than that of th bushi 
the same, rated output ign Service, of 
efficiency of the Bowes drive, as, assessed.from the-trial data of the: pactorship 
referred to; ia. 97 per cent, excluding excitation, or,94,7 Peticent 
The difference appears. to. be. what large, but|is,apparently 
the fact that, in this instance, over-excitation was applied pti BOS 
provide the necessary. stability ation, Presumeblsy | 
would be in a tuture ation, and that,.whea other 
are built, the Vversing of, the, 
and ify ability jeurrent from. the main, engine, will; 


; 
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the niainenginé and nit as a generating set "port daty 

to offet'a iseful Gconomy tn first cost. -by have... 
t 


to be ided with, such ‘an atrang and, it, 
‘out. 


"An interesting Diesel-Clectric propelling’ instal 3 ‘of ar, 
0 inch moulded; fl moulded to deck, ‘and 

built’ for riaktiebolaget Svenska “Gothenburg, 
The ifistallation’ Consists four Gotave 
6700 I.H.P. at 270 R.P.M.° Each has’ ight cylinders, | 
cylinder diameter being 500 millimeters and the stroke 700 millimeters. 

The power is transmitted to the propeller shaft by means of Asea electric 
slip-couplings and gearing. the Sagajis the first large 
passenger ship in which this system has been adopted. Among the advanta 
clai forit are the eéofiomy of headtoom in the‘ machinery space—tresti 
from>the’ relatively “height, réqtitred “to ‘accommodate four 
running enginés—and ‘the’ possibility of pow to one- 
units, while the remainder contifiue provide sufficient to’ 
ship at a speed only a little less than the normal ‘service at the 


‘od 

For many years grate been little major change if’ ‘the 
facture of marine refrigerating plant.in (this.country. A number of firms have 
catered for this highly equipment, and there have beeafew impor- 
tant developments in design or practice, -but/the wider; ofthe 
refrigerant known as Freon is one of the changes which s| 'be.mentioned. 

It is interesting to remark that steamsjet) tefrigeration; «which: hasybéen 
developed both here and in the United, States, uas begun to find an increasing 
sphere of application in this While steamn-jet refrigerating 
not by any ‘méans neW or fiovel itt t of Briéin and 
the Queen’ Mary were Both ‘eqitipped —its’ wider ‘se. for’ 
conditioning purposes in warships liners: has to be 
recorded. "At the preset time, at least-two’ important mercantile now... 


being ‘built aré to have of ‘this ;,and as the refrigerati 
will hetween ths boilers and’ e ship's sides, ay, 
useful space will be sacrificed. in, sometbat similar, if smaller, p! 


at the after end6f the engine-room. 
If expediericy dictates, the pumps associated with. the equipment: 

located elsewhere (e.g,, in the engine-room adjacent to’ other puriips 
with the main machinery), while the so-called flash chambers and thé con- 
denser may ‘be located in any convenient position—on another deck or else- 
where in the ship. The main essentials of this. equipment aré the fash “or 
vacuum chambers, a simplified form of steam-jet thermo-compressor (having 
no moving parts) which drives the vapor from the flash chamber, a condenser 
with air ejectérs, pumps for circulating. chilled -water to the heat-réceiving — 
apparatus, and condensate for the condensed steam. to. 
feed system-> Details have given pater: 


sented by Mr,.W. Sam mn before, the stitute..of 

simple, quiét in operation, has no rigation ands. 
requirements Of. acl on ad moderate 
weight, it is to receive. sits 
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the specific fuel consumption ly. a single, 
direct-drive diesel will operate an a le proportion a 
the'time. With multiple power plants, either geared or: @ portion! of 
the plant may be shut down'during low power periods the remainder’ 
to deliver the requirements ata relatively high load fa > lout 
Also’ with! electrical direct-current drive ‘the mm power 
plied:for beveral differerit conditions of operation, © OF 
electri¢ drive; like the geared drive, the: 
is smaller and lighter than the direct drive; cat''be serviced 
instal conveniently and etonomically; and can offer greater reliability, 
the-vesseb being able to continue operation’even when one engine i is forced out te 
of commission: RANTS 
The applications where these are are extensive 
and the advantages themselves are counterbalanced by serious disadvantages. 
Direct-eurrent diesel-electric equipment’ costs ‘close ‘to per cent’ 
the:edstof'direct or geared drives. GED 
"Phere ‘is a loss’ of approximately per 'cent’in: the 
or factor! in comparing fuel ‘costs: Electrical equipment ‘is large in’ 
requires special techniques for’ operation; maintenance, and repair.’ Cons 
extensive and complicated. speeds: (500-850: enol 
irect-current generating ‘units operate’ te 
ta cvidarisn 
Divect-current diesel-electric ‘propulsion equipment cannot be used fee 
New 
The aforementioned types constitute. the preset basic diesel marine idee 
Direct-drive units are far and sonst most . Engine manufact 
have leatried to build’ praiseworthy’ their equipment, and;’ 
a result; the. “are actually ‘many tidkes Of diesels, ‘of’ various horsepower wer” 
ratiges, which "offer continuous, close-to-full- load ‘operation for!” 
many days’ or weeks ‘dt’ a’ time without ‘this depentlabifity’’” 
available, and With the excellent fuel economy of dirétt-drive units; their edn" 
tinued popularity is understandable. ‘Howévet, new’ developments are 


to exert re ftom the standpoint of less greater 

vessel reliability, and, possibly, less less initial 
brs 
Od. M62. CURRENT) nog to. 


One ‘promising development is the ‘tise father! 
than direct pepe It is lighter, cheaper,,can be;run faster and is much 
more rugged and cheaper to maintain than direct-current equipment. | 
effitienty, however, is not much better than direct-current and mane 
bilit}’ characteristics ‘it is complicated, ‘slow, ‘and’ in fal, is ‘not ‘even 
as’ the ‘direct-reversible diesel. ‘Also, it is inflexible from the statitipoint 
of supplying tiaximunt’ power ‘for various operating conditions, and it cannot 
vary tts torque properties at all," ‘This means'that'it acts idettiealt 
as a fixed ratio reduction gear and, ‘where’ hull resistance changes, the machin- “s 
ery Cannot change to suit. HOME 
Alternating-current however cain be ‘useful itr multi 
ating gets for powers, in cases where maneuverability and variable 
corivetsion is fot important, and’ where the overall vessel pre="" 
coupling’ the engines to'the propeller." Tt'also can’ offer” 
amounts of power in port, without the neeéssity of ' jal over-sized’ 
units'for‘that ‘purpose alone; ' However, since’ t in. propulsion 
equipmentt’is operatitig On Variable frequency its electrical is not 
for auxifiaty putposes at 'séa,"except' for periods’ and particular ‘appli- 
cations; but br two of in genera 
ad auxiliary ints, hereby of ‘maj 


. 
| 


A hi h interesting variadt! of the’ alternati 
deve! atta tig attention ‘fs the Bower 
one ‘piecé ree thaj co ng 
and rotating with it, (2) a doughnut shaped pos 
e engine element, with, windi circumferences 

and mounted on either the pro or (3) a 
elerent, Concentric with the other rotating 


The tage of this dtive’ is reat of 


electrically ‘just ‘ds aity' motor ‘eombination: 
sothe of ‘thé power’ (depending ‘on gear’ ratio) transmitted ‘by ser 
the efficiency is high.and actually can Be’ 95 per cent. Also,’ 
is available 'a design for electrical’ revetsi 1D 

‘The advantages claimed até?(1)'a discs nectable nig)? Qy q 
tion from’ engine t6 propeller’ stiaft;!($) ‘elimiitiation of torsional vibrations; 
(4) electrical reversing, (5) electrical at the dock by braking 
the propeller shaft, and (6) elettrical power at'sea certain conditions. 

‘Tt has, ‘of Course, ‘the operating’ disadvantages of alternating current—nio 
variable’ tortie conversion, and slow ¢lectricat maneuvering operation: 
ever, asa engine, moderate ratio, electrical reduction gear, itisfar better 
than aftyth ‘For this fanetion and: shape with the use o 

rectif' un? ‘a’ voltage; with 


A further new which will fin for! some applic 


irect.c nt the contro 
controllable: pi ts, ehiginies, moun i 


O vilsasa 


+» only tag a & transm WOK i 
One. of the, most, peomising. payer; thie’ 
is draul >», Weight a 
with electrical equipment; has a not tire 


;and.has the ad of 


control successfully; by importations from and; 
A la of shi been in the United States wi 


equipment during thé war. | eoupl ney 
installed betwen the engine and the gear, tes enging s poids ions... 
from ‘the reduc.ion gear, thus allowing 


. 
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res torun “Ahead” and the other which with 
es maneuvering coupling manip 
to; cost and: decrease eficiency (2..to, 3 per ‘cent) but the: 
climinate of. the of seared equi ig rab 
shows,tha gears the relia t t eason; ) 


harbor, uires low propeller speed for maxim 
at low vessel speeds. Full torque conversion, for all types of tows pers rap 
maneuverability for speeding up the operation are desira 
These: requirements. may, best filled b§ the direct-current lecteic 

electrical drives an seagoing where rapid; maneuverabilit 
not. often-required, is, not equally, 

Ferries.. In general, the direct drive, direct: reversible diesel has been ‘most. 
popular for ferryboat installations. It.is expected that this type en 
geared diesel: will in for. runs, where, 

to maneuver.may be an. apprecia’ im overall operating time, 
direct current:diesel electric, drive may be useful st 

Cargo Vessels, Low, fuel. consumption and high, reliability are the. ma 
requitements of, the, cargo, vessel, . Low direct-drive, .or,.. multi 
medium-speed, geared diesels answer these, requirements. 

‘The: major auxiliary load for cargo, vessels occurs at the dock, during 

tion; Fherefore, diesel-electric propulsion machinery, which can handle . 
is auxiliary load at a dock and thereby fill a dual purpose, has an attractive, 
first-glance argument. The penalty, however, of electric propulsion losses at 
urthermore, with tendency for carrying re rigera cargo an air-condi- 
pe equipment,..which can constitute an appreciable sea-load, there 1s 
itional reason for separate auxiliary power. 

Tankers, The ditect drive. or geared diesel seems, for the same reasons as’ 
for. cargo: vessels, .most.suitable for tankers, owever, like vessels, 
tankers need appreciable power at the dock for loading and unloadin 
Nevertheless, the penalty electrical propulsion losses and first cost is nie” 

in general, have an power load besides the main 


t, jet 2 swinging machinery uire ap 
is good reason, or careful sy... 


of a diesel-electric Indeed, the flexibility required is ‘so 
that, installations /haye used several independent generators driven 
a single engine. 
the dredge is self-propelled) there is. additional reason for a diesel- 

electric installation.. The power required by the main pumps and the power 
required for propulsion both’ appreciable ‘and, since ‘peak ‘pumping and 
propulsion Joads occur a and practically never sitiitiltaneously, one 
set of movers is s' t for both functions, thereby saving appreciable 
space a 

Yachts, t, arid compact. machinery required’ for 
service. Medium- direct-drive or probably geared di 
applicable for this service. ~ 

ce- Breakers, Survey Boats, Coast Guard Cutters 1nd Saloage Vessels. Electric 
drive's ue conversion, maneuvering and lities have par- 
ticulat usefulness in such vessels. ‘The versatilit:: of irect-current power 


ul 
Fishing Trowlers and Seiners. Reliability and simplicity are the dominating 
for'all kinds of vessels. 

appears 'to'fave t the to-accom @duak 
function? "However, the necessity ‘of 


low’ first:cost explains»the 


Be 
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towing nets, thus equipment: ‘os mareireasen than 
its ability to supply power to the. winehes.;A, craefubatudy show, it 
sufficiently valuable to. warrant.an intwoductory imatallation.. ait. to 


progress made avaiable engi engines while. operating at 
t speeds, have, retained 


indirect or, the lower ; efficiency, at 
until; further il the, orks 
Although the. in diet wine wil more,and ‘the’ 
future, it, is hoped. tha fuel consumption and extreme simplicity of 
direct drive will be: to asgreat a as 
logical, corollary, to low fuel: use of low- 


can hardly the importance of t 
on. the cost wer 


inally, it is t : 
stablishment a cost analysis cans nsumer % the’ 


ngine Users” Association, which has. operated for 


efit of stationary plant operators an bni 


ist binow 


tthe -bursting of atomic over Ni and) Hirdshiina 
has been: and published Naw 
British physicist, Sir James, Chad 
1946 issue of * Instituté of Fue?’ ‘one ou the imost comps 
ryt the’ scores of papers’ which ‘Have appeared’ Vesa 
i the limitations on atomic power jer and idea of: qs 
‘an over processes ture. ts 
this control grown from an and understan 
of natural phenomena. “At ‘no time has the fate of advance of scientific 
edge and rate with which this hasbeen’ put’ practice and 
for technical devélopmen ts: been’ s0‘raptt as! in tetent :years.!) This 
especially the'case‘in' the physical 
_advanices have taken place during 
These discoveries have given us the thatin’ 
ture of the atom. We have learned that each atom -consists,of aclustér or 
of electrified corpuscles, ther. -by the 
dea 


the whole: the atom, is extremely: small in: size.compared 
‘with the dimensions of the'electron clout sit 
The many problems connected:with the configuration.of, wel 
have been studied most successfully, and: the. results; have, led, to, a,complete 
regards their ordinary physical. and chemical: properties. 
All the ordinary properties of matter,,such:ag strength, d 
velasticity, electrical -conductivity; chemical One, ail the 
processes in: industrial and scientific developments 
determined configuration: of ‘the electron, cluster .and,are, 
‘independent of ‘the structhre'of the atomic 


Fo 
Guipime;n aG AveOU 
‘ 
this 
‘ 
1 
4 
; 


6244 NOTES. 


»ordinary physical’ and produce no 

change whatever in the properties of the nudletis on only ‘the ‘general 
structuré by' distorting ordistupting the electron pal | 

stabili under ordinaty: ¢onditions ‘ie’ the 

basis'for the d destructibility of matter and! the immilitabitity 

‘af the slong: was a cardinal doctrine 'of physics! and 


30 Slidw ,doidw eontges sidsiiave 4a a 
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‘chatiging! ‘at te Characteristic’ for Tok Senet 
ve eleme or the’ 


bly ‘greater that conn Wi 

any way. pet ted ‘in 
(with its at less than 1 per so that it 


plete, of iit it terior 
plication seemed exceed ols. ‘ay 


The fet st rad the stomie energy 
jn fare, wah, nike atom 10. away 
was. extensed. at was; found. ‘that 
I (other dight) eitmilar;way, and, later, 
the’ alton, . who showed, that fast. protons, ,or 
hydrogen ‘nuclei @ high velocity, by means ofan electric field, 
produced transmutations:ia lithiym:and) other elementai 
these wes e aceompanied, by release of. energy 
vwhichy’ iper truclear:reaction: or per ‘particle involved,» was. milkioné; af, times 
ter than the energy” lin the-most violent chemical: reaction: 
fiumber of /nuclear:reactiqns: small that 
released was minute compared)wi totakinput ef en used in 
_the bombarding particles; thus while, the scientific: resuits;-wete of great 


their practical value was od 
scheme for the release’ oflatomic ene 
“by thurged particles scents ‘bound to be One feason:is' that the 


nucleus is so minute’ that® direct collision ‘between the ‘bo 


imbarding 
the chance of caliion. Only particles thers 
thie force. of sind the parades wil thei 


‘ 
for,’ as’ Rutherford ‘and Soddy 's 
‘only’ be explained iby thé 
th 
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in collisions with the electrons which surround the atomic nuclei 
y reach the nucleus itself. 
“ihe next important step was the discovery of the neutron, an un 
ticle of slightly greater mass than, the . The neutron and the proton 
,; we believe, the two units from which all atomic nuclei are built up, and 
y are related to each other in-S06me_way not yet fully und , 
use of its lack of electric charge, — is an ideal proj for 


ing out n ons, an a fact, aniekly foun that 
t numbt? coul y ne 


t. Eoneaily with slow neutrons, the reactions were stri efficient, 
in some cases practically every_neutron produced a nuclear transmutation. 
The over-all picture of the economy of the process was still very poor, however, 
use the neutrons themselves could only be supplied as the result of one 
or other of the very inefficient processes of transformation in which a 
particle was used to bombard an atomic nucleus. The practical value. of 
these reactions was still completely negligible, and there appeared yet no way 
of releasing for useful purposes the enormous amount of energy stored in the 
e scientific results were,/ course) \very interesting, they gave an 
ediate.cluetodhenanigin of the en sources present in the in of 
stars, till then quite unknown, and in particular it became possible =~ 
lain how our sun has been.able to eo for billions of years, 
radiation upon which alf organic life on the earth depends and from hich 


all our common ene urces, puch as apaloil, etc., derive their 
‘The temperatii the interior of the su about million rees. 
At such a temperature the atomis have so high of thermal agifation 


t the nuclei come into collision and can Jas place aj large 
le. The release of energy mairft#ii8*the high temperature and the 
' thermal agitatign, so that the reactions continue maintain an 
ted flow of’ en from the interior. It is genemaily su 
falling cycle of nuclear changes takes 


1).C# + Ht. > 


—> N¥ 
The reaction starts between carbon hydrogett' nad ‘continues! 
aceycle in which the carbon: is ‘The net-résult: of) this: eyelets 
transformation. with: the’ release large’ t 
of energy: od sed) 


Such, thermo-nucleay. reactions, reac which the 
particles is due to thermal agitation,.can on: 
igh temperatures, so high, that. it, is, not} to to tow 
_gouid be realized in a laboratory, for éyen the most easily stimulated, nuclear 
we know,. that of Or hes 
wn proceed ata no temperature, of about 


‘bombardment was a Very. -different, ha 
“supposed, and. that the at least, 
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, + positive electron 
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also pointed out that the fragments would fly apart with immense energy, 
and, this .was; soon confirmed) experimentally. sd 
Shortly, afterwards,-both in France and-in the United: States, it-was shown 
that, in. the process: of fission’ of uranium some: neutrons. are also’: emitted, 
certainly more than one and possibly as many as three in each process, |» 
The fission process can’be briefly described! as follows. A neutron is cap- 
tured ‘by a nucleus of uranium 235, forming a nucleus of uranium 236, in a 
“highly excited state. “‘This‘imimediately divides into two fragments of roughly 
equal ‘inass; afid'/at’ the’ sanie’ time from’ one’ ‘to’ three’ neutrons’ are’ emitted 
Somé +*radiation).’ The fragments fly apart with considerable speed 
and) "in their passage ‘through matter, their energy of motion is finally 'trens- 
formed "into*hedt: “These fragménts ‘are; in’ gefieral, ‘unstablé*and may ‘pass 
through ‘a’ ‘series ‘of “transformations, emitting’ B-particles’ and’ y-radiations, 
before they reach a stable configuration. The diagram of Figure 1 réprésents 
one mode of fission, ‘in “Which the “fragments as’ first’ formed in’ the’ fission 
“process; ate unstable tiuclei of bariutti and ‘krypton. 
was recognized that this' discovery was of the greatest 
significance and that it opened up the possibility ofa practical utilization, of 
‘the €normotis. ‘store ‘of atomic Not only did the fission of uranium 
‘velease'a ‘large amount of energy, but the emission of more than one néw 
peutron each time that a’ nucleus ‘siiffered fission suggested the’ posstbility 
that the reaction could be propagated from atom to atom, deyeloping a whole 


‘Chain ‘of ‘reactions from one ‘single event,” Such’a' chain process developing 
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in'a’ of uranium ‘might take’) er-increasing ra 
involve $0 atoms that t “would ble, and 
overwhelming, liberation of energy. In this way it seemed that a new ty 
of combustion of matter might be possible which would give an en yield 
a million times greater than that, obtained by, sib 

is’ prospect faturally ‘at many inivesti- 
gations ‘were imiade onthe méchatisny of the’ fission’ These rivestiga~ 
tions revealed a striking difference in the behavior'of the two main 7 e 
of uranium. ‘The common isotope 238, which ‘forms ‘more that 99 per 
of ‘natural uranium, undergoes fission ‘only when’ the ‘bombarding 
have @ high energy; thé rarer isotope 235, occurring ‘to the extent’ only’ of* 
0.7'peF cent in naturat uranium, tndergoes fission with neutrons of any Maia 
and is especially hablé to fission with very Slow nietitrons. 

The ‘great eponderarice of 238 “and its 'telative inactivity to” 
makes natural uraniim unable by itself to’ a chain ‘teaction? ‘On’ thie* 
other hand, the ‘isotope 235 possesses juist"the pi ay wi which aré required, 
but it has to be relatively pure rom the ordinary utanium: 

This very difficult operation, since the two ‘iso aré almost identical’ 
in every property but that of mass, ‘and even in miass they differ by little niore. 
than’ 1 per cent: ~ Nevertheless the separation ‘has béen accomplished int two’ 


4 


different ways, by an'electromagnetic ‘process and “by” a us’ diffusion’ 
and ‘both Processes have provided adequate 5 of 
PLUTONIUM, bo! 


another fission: material-was discovered. This:isanew'el 
which does not occur ‘Nature; but has to be made by'a transmutation: 


process. 

the isotope. U238 is bombarded by neutrons, 
when the neutrons have speeds within certain known: 
nance bands,” a neutrom may’ be captured ‘by. 238 yucleus. The nucleus: 
of U239 so formed is breaking up after an a time ‘of about: 
minutes with the emissior of a @-particle.: The new n $, neptunium, 
of atomic number 93,’ isi also and changes average time-of: 


Plutonium is: unstable, rate of disintegration: isso: slow: that, 
like radium, it-can be accumulated: ‘Sufficient quantities! weré made'toenable: 
its nuclear properties to be examined, and it'was:fourd'that platoniumwould> 
fission; with meutrons.-of all and: stan 


uranium, 235, for chain reactions) 1: 
_ The manufacture.of plutonium:in quantity»is: 
for’ it has to. be made.atom by: atom. It is. necessary: to amounts 
uranium of the-orderof.some tons: to.an,enormons. source, 
by.a chain reaction itself, 
Before. describi been, done,, 1. must ay t 
some simple considerations of the, chain, reaction, and, the ‘behavior of, 


‘A ‘nia reaction will not necessarily develop in any pieceof 
Certain conditions must be satisfied. In the first place, the amount of fissile | 
material or the reacting: seg as a whole mt be ‘of auch, size that there is 

t too great a chance that the neutrons pred in ssion process 
pe and so be unable to carry on the chain. the system. 
contain more than,a limited amount of material w neutro’ 

fot this way again the will Ho continuing 


n reaction. 
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If. we wish to use atomic energy. as ve the, reactio must be neon. 
trolled Bhs spore ¥,it.can., the will be the 
whe au free and the explosive 


uestion ol sae is etal atomic atomic explosion, for a chai 
resco pends.on the be ihe, neutrons produced. in the fissions, 
the, piece..of, material pro shape, too, many) 
neutrons will escape before they, bi thit.a. nucleus propagate, the 
The jon of neutrons which, of increasin; 
size, of, the, piece, since the produc is.a effect will ,, 


increase, y, than, the loss of, neutrons by escape, 
which surtace eff a. minimum; amount of material 
nired, called the size,or amount, before, the reaction can. develop 
ion, occurs. Af, the, piece of, fissile, material is less. than, the. 
sizerit will be quite stable bas. as soon.as it.exgeeds.this a chain 
develop. multip wi rapidity. all that, isi, 
necessary ;to detonate a bomb of ing , togethe T two pieces 
each less than the critical size but whic tthe in in contact exceed it. , 
Suppose we have succeeded in doing this: by some means, and that at the 
same moment we:shoot a neutron into the material, ‘This: will cause fission’ of 
one uranium) nucleus and produce; let us say, two fission neutrons which in. 
turm produce: four, and).so on in successive generations. Since the fission 
neutrons have speeds of the order of 10°.cm. per sec., and since they de-not) 
haive: ta; tedvel tmany centinhsters. before produce new. fissions, the 
between. successive in which the number of néutrons: is: doubled, 
is: ofthe -order.-of,' of; a:second,. therefore 
numberof neutrons will have i idnormously and: aconsiderable fraction 
of the: mass: of :235 will have tn fission. «df-only ickgi sis‘ used upiin’ 
thisoway,-the amount of energy. teléased will be: as-much ‘as from 17,000: tons: 
of T.Ni Ted This amount>of, enérgy.is $0 great)ithat the: mass will -attainya 
temperature of many million degrees and a a pressure of many million atmos- 
em. The high temperature causes. the ¢mission of ,an,enormous amount of 
t and light, and the sudden expansion of ‘the hot gasés produces th the shock 
wave of the explosion. 


expands;- thé neutrons can escape more easily and: the 
By this time: the hot: glowing: may have expandett tora: 
laidition to the blast! wave. arid:the intense and’ light from the: hot! 
gases, the atomic bomb emits an enormous ‘of gamma’ rays’ and) 
neutrons at the’ momeat of explosion,|' Further, the products formed by the 
fission process are’ intensely radioactive and) the ton amount formed in’ thie 
‘may correspond in-activity ‘to many tons of-radium. 
While the principles the' processes the atomic’ bomb are’ 
there afe some interesti withthe assembly 
the parts ‘and ‘with the detai the explosion: These 
concern mainly the military sapects enerey, have little imme-' 
diate bearing on its application” to! in shall 
discuss them further on: jon 
Slizen to 2 Jala 


ai OF THE CHAIN REACTION: 


 MLorder to use atomic energy for industrial purposes 1 is obviously née 8 ry 
to control ‘the chain )reactién so that the energy can be released continuously 
and at a It seems at first sight téac-" 
tion which can develop so’ ftapidly and which’ can’ ite’ such enormous 
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energies must be exceedingly difficult. This is, fortunately, not the case, and 
in practice the control is remarkably simple, effective and accurate. 

‘ontrol depends on the regulation of the neutron flux so that at a prede- 
termined level the flux remains constant, only exactly as many neutrons 
causing fission in one generation as in the previous generation. The extra 
neutrons which are produced in the fissions are removed and made unavailable 
for the reaction. The reaction will then proceed at a constant rate. This 
balance can be achieved either—(1) by allowing the excess neutrons to escape 
from the system or (2) by capturing them in some absorbing medium. 

It will be convenient at this point to define a quantity called the multipli- 
cation or reproduction factor. Let us suppose that in a system containing 
fissile material there is a certain number, P, of free neutrons present at a 
given time. Some. of these neutrons will initiate fissions and thus directly 
produce new neutrons, Q in number. The ratio Q/P is called the multiplica- 
tion factor and denoted by k. 

If.& is less than 1, no chain reaction can develop. Any stray neutrons may 
produce a fission, but the chain will die away quickly and the system will be 
perfectly safe. This corresponds to a system which contains less than the 
critical amount of fissile material. 

If & is greater than 1, as in the example quoted above for the atomic bomb, 
the number of neutrons will increase rapidly from generation to generation 
and an explosion will occur. 

When & is exactly equal to 1, the reaction will proceed at a constant rate 
and the flux of neutrons will remain constant. is is the condition which 
has to be achieved for successful application of the chain reaction to general 


purposes. 

The diagrams of Figure 2 show in a rough way the conditions in a divergent 
chain reaction and in a balanced reaction. In the latter case, one of the two 
neutrons assumed to be released by fission, indicated by a short stroke, is 
absorbed and takes no part in the propagation of the reaction. 

The principle of the control of a chain reactor can be illustrated by a simple 
por no Let us suppose that we have two masses, A and B, of fissile material, 
each less than the critical amount but together considerably greater than it, 
and let us consider what happens as A and B are brought closer together. 

When A and B are far apart, the leakage of neutrons will be great and the 
multiplication factor k will be less than 1. Suppose that at some stage in 
the approach k becomes equal to 0.99 and that we have in the material a source 
of neutrons which emits 1 neutron per second. This one neutron will produce 
k neutrons in the first generation, these k will produce &*, and so on, so that 
the total number of neutrons being produced per second will be: 


if & is less than 1. : 

Thus when k = 0,99 there will be 100 neutrons produced per second in 
the material and the primary source has-been multiplied 100 times. As the 
two parts are brought closer and closer together the leakage of neutrons 
diminishes, k becomes correspondingly nearer and nearer to 1, and the neutron 
intensity can be brought to any desired value. ; : 

It is evident, however, that an exceedingly fine adjustment of & will be 
required to reach a high intensity, so fine as to be impossible as a practical 
operation. 

Let us now suppose that the two parts are close enough to make & slightly 

ter than 1. A divergent chain reaction will now develop and the neutron 
intensity will rise rapidly, doubling itself in each successive interval of time T 
given by the formula 


T = 0.7 —— 
k—1 


where + is the average lifetime of one generation of neutrons. 
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ery othe have in 
our reactor, we now reduce & to 1 so that the desired levebwould be 
maintained. 
While this adjustment is simple in’ principlé, the possibility of it 
out depends very much on the value »Now» the fission ‘neutrons<are 


emitted with velocities of the order: of 10° cm: per second; so ‘that: 
were all emitted instantaneously upon fission -the:value'of)+ would 
order of 107? seconds. '-But-in to allow time for ‘the adjustment 
mechanisms which control the: positions: of! Avand~B sweenedd doubl 
time T of the order of a second; and this would entailan‘adjustment 
value of & to less than one hundred-millionth: part ofits: valueweEven if 


SESS 


the picture I have given were 
reaction would. évidently: be a fornii operation. ‘Fortunately; 
not quite all the neutrons are emitted instantaneously»upon fission. 
of the fission ucts transform after:a time:with the emigcion of a 
into nuclei wi are now unstable and emit neutrons: 
fission process itself some:neuttons whichare after the fission ‘by the 

ese neutrons to increase me for neutron genera 
and, therefore, to: reduce the rate at which reaction: 
form 1 per cent of the total neutron emission from 
time of delay is 10 seconds., We now arta the assembly of fissife ma 
that it is only just above the critical condition;:with‘a multiplication 

ter than 1 but less than 1.01.) Phismeang neutrons 


of neutrons will have to wait for thé «delayed neutron emission before a 

vergent increase in intensity’ can occur, inverisity wilt 


is the average time be 
neutrons, that 1s, 10 
we put 1,005, then, kp will be 0.995, and ‘the doubling time is 
about secon 
Thus, provided the assembly is only A. small degree above ith 
slowly.” It will the: be easy to control the reaction to. ihe level 


a 


of' the réaction ‘and the neutron intensity any desired level. 


ment of the neutron leakage may be a simple typeof mechanical contro 
moves a small part of the reactor relative to ain system or oR TOs 
reflectors which can reflect back the system some of the w 


would otherwise escape... In this- way reaction ¢an. be contre ly 
and the level of the reaction can be h in 
riods of j — vor 


The systema have far considered are known as fast: 
because the. chain’ 


| 
NOTES. 
Thus by. making & slightly greater than 1) we icould:taisé ithe level 
‘ 
4 
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ich 
neutron reactors, 
moderation of their speed except that which inevitably must occur incollisions: 


232 NOTES. 


in:the system, whether i che tus 
ss! orl) oe I of souben won ew Wo 


nisin 
ti gnivnss jo viilidiezoq Show, wi NEUTRON REAcTOR. aids olid 
aa neutrons, however, ate ate much more efféctive in (producing fission both 
235,and in plutonium than aré fast neutrons! ! Thus; ifthe neutrons 
could be slowed down before:reproducing thernse ithe-chain ‘reactién could 
be maintained (in of fissile matefial .orveven in) much less 
pure. material thaa.is fée thesfast -cmeinsdoom 
‘The meutrons canbe slowéd: down by causing them to make cdllisions with 
tatoms suchas hydrogen; detteritim; helium, ¢arbon,ete each collision 
some of ‘the sofmetion ofthe inevtrdn is :transferted! to the atom with 
-whigh: at has; ided and the meutton is slowed: dowh im series of steps. 
The slowing-dowp proces’, orindderation as: itvis called, cannot! continue 
indefinitely, since the.atoms:of the material in which the Collisions take place, 
the moderator, are thémselves:in motion: of! their thermal: he 
process praceeds- limiting wilkibe reached 
energy, of the meutross, is on average to ithe energy’ of 
agitation of the atoms-of, the, modulator. Clearly, this stage will be 
quickly the lightes the,colliding! atom, \so'that hyd will be‘theomost 
A, ,ofianodera tor :will be tequired;! socthat ‘int practice 
use; hydrogenaus ‘substances suchas! water -or” Owing 
= mugh, slow neutrons; the critical amount of’ fissile 
material, stodmaintaimd chaimréactidn in aslow reactor can 
be, Seaction of ‘the: amountinectiet for w fastireactor. ‘This 
is, however, a.point-ofi much i to use the] reactor 
generator of 2a difficulty of removiig a larg amount 
of quite, small, reaghors for tesearch purposes. 
One of the slow:meutron reactor ‘is: the sini 
substances» notably: boron! and cadmium,absorb slow! neutrons: 
strongly, This fact: provides a,very ready method of controlling the 
'y moving rods of these materials id or oyt lof the redetor and'so anifuating 


the multi ern factor by changing the loss Of neutrons by absorption rather 
than by t reactor. ‘It is obvious that 
a ical device will su ut this control. 


A important advantage off by of slow is Ange 
onger necessa ure of 


rar undergoin and is isotope is: 139 
Very’ ftional, loss’ of 


it a very puré state, 

Owing to’the invitable, though small, loss ‘of absorp jase 


graphite, the multi icati on um-graphite eaten 
than 1. critical is, therefore, rather large and 


suranjum and hte Phe: construction of a 
of- email ara tforward: matter; butdifficulties when’ 
large power dissipation is' | athe order; 
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the’small jatitudein, tte The mature: of: these difficulties 

as 


or reason: s depending on auclear properties of uranium ,, i 
gives the multiplication factor is one in 
metallic, uraniunyare at regular intervals: 
_of graphite in the form,of a lattice,.The ideal shape wo 
for practical considerations a rectangular) block.is used. The optimum ‘size 
of the uranium lumps and of the lattice spacing can be calculated from the 
nuclear constants of the’materials. This‘ ‘was thearrangement used in the 
first graphite pile of very low power’ butt had te be niedified for the plutonium 
_ production pile. There: were twe reasorisn first: the uranium has to-be:cooled 
An to the: heat generated by. fissionpand difficult to concen- 
trate. the smal) lumps, and. second, iit-was irequired ‘to: remove’ the 
_ uranium without isturbing the assembly. of the,piles!s mo! bos 
he arrangement, used, im-the Hanford) piles:isy therefore, a cod: lattice: of 
“cylindrical symmetry, in which short rods or sl s or uranium aré loaded in 
channels in the graphite moderator: veduetida in 
cooling agent, wateriin this, cates is circulated d through the 
“rods. Since. graphite pipes;are: practical, on engineering grounds; some 
other material has to be used, and the choice by: that 
the material must have, a small absorption | for mettrons: | — “miatierial 
chosen was. aluminums,: gry sion’ ‘Or, 
Further, the arsanium must, be, protested: from ithe: he 
easily oxidized, ac gp even, if the slugs were not-disintegrated by chemical action 
sufficient fission products would enter the \cooling: water. to makei operation 
dangerous. The protective jacket must havera high conductivityin-order to 
transmit heat quickly from. the uranium tothe, water, it notabsorb too 
and cit muse fulfils: these conditions 
airly we lisuisteh 2 
Bhe-iatreduetion of; ‘thie: auxiliary material im: the ifort cooling “Pipes, 
sheathing, instruments, etc., increases. the Joss,of. neutrons 
it is, therefore, necessary, to keep down: thelosa byl to a few per 
This is not difficult, for the leakage can obviously:be:t as 


_ meutron: and thus power level, 
at a predetermined level. In addition, con are pto- 
‘ {rom gle ven at law power 
iation from,a even. power is strong en 

be dangerous. \to and a high power pile’ 
astic The the reacting unit must,-therefore, béienclosed 
steel and. thick and it: must be possible to load:and/unload 
the pile through, these ohielde, pile must ‘be carried 

urther stage of the operations. Since the fission 


water becomes, radioactive, so that,if the water ia:to a 
_Tetention basin must be provided to ensure aidelay, during which. theinduced 
radioactivity dies.down.to.a safe level... Further, the circulating system)must 
very reliable, and, fast-operating, controls. mustiibe: provided: inverder ‘to 
shut down the chain. peaction. quickly: in case.of failure! of the, water supply. 
>. The control is essentially, no: more difficult; than)for)a: small»slow: reactor, 


234 3 
resulting from the combustion of 235 are y radioactive, 
Rated slugs must be removed from the pile by ae highly. rad from china 
alshield and must also-be shielded during there journey to*the chemical plant. 
All-the stages ‘of the separation plant must also be’ handled'by remote control 
until plutonium is sufficiently free'from fission’ products. 
The design and operation of the Hanford piles was thus beset. by difficulties, 
boop new and peculiar to an’ atomic energy plant, but they have operated 
two'years whhout power level of perhaps afew’ hundred 
total pile, ‘including the massive shielding, to 
some: thousands of tons, ‘but it is, unit’ for the 
of which’ is generated in it 


Propuction.of Useru Power. 
1 The energy generated:i inthe Hanford piles is removed by 
which issues at a temperature considerably below 100 degrees C.; too low a 
_ temperature for efficient: conversion of the heat 'to useful power. If such a 

- pile is to have general industrial applications, such as the generation of stream 
and the generation of electric power, it must be run ata edtachs higher tempera- 
ture. a this will necessitate considerable ‘changes ‘in design and in oper- 
nique. 

It would probably be possible to use liquid: bismuth as coolant instead’ of 
water, and and it Soc be an advantage to use some other material than graphite — 

‘ogress on these lines demands the solution of some awkward 

metallurgical problems, but there: ‘is flo feason: to 
that: the’ difficulties cannot ‘be overcome. 

‘If it should prove difficult or perhaps impossible such a an atomic 
energy plant to run on natural uranium, on account of excessive neutron 
losses 'in: moderator, coolant and auxiliary materials for cooling pipes, etc., 
_one.cam turn to uranium’ enriched by extra U235 or by plutonium, of even 
-— the: highly concentrated fissile materials. “The use of these will permit a 

wide degree of flexibility.sm the design of the plant. 

The: most striking chatacteristics of atomic energy reactors are their com- 
pactness for large power capacity and ‘their ability to ‘run for long periods 
with little or no refuelling. 

‘Fhe power available from an atomic energy reactor is limited essentially 
only by the rate at which the heat can be removed fromit, so that a million- Kw. 
‘plant need be no than a normal electric power sub-station. ' 

The energy inthe combustion by fission of 1 Ib. 66-236. 
‘ig rather more than 11 { million Kwhi, equal to the amount of e “which 
can be obtained from about 1500 tons of coal or 250,000 gallons of fuel oil. 
Thus an atomic en unit may be able to run for long periods ‘on one charge 

of fuel and) the cost of transport of fuel will, in any case, be small. 

Moreover, the plant may, yong on appropriate conditions, be abie to tegen- 
erate some, if not all, of its fuel. This arises from ‘the possibility of designing 
the plant so that some of the neutrons released in fission are used to produce 
plutonium in uranium, disposed in a suitable way inside or outside the reactor, 
which will the:U235 or which is burned. 

_. This process.of replacement takes pines’ in whos: Hanford piles; where U235 
is indirectly converted into plutonium. be possible under some con- 
_ ditions arrange that as 235: is reaction could continue by 


burning the plutonium; ‘andi in this way most'of the urafium 238 as well as 
-the 238 mightbe utilized.) 

This relative freedom:from suppl the plant is set up, opens 
the:: ibility: of trial development in isolated parts of 


the wor wich ily available. 

For the same reason, ‘it might: prove advantageous to establish 
“energy units in close proximity to mines, more ‘especially in those cases where 
ube ores have:to-be transported long distances in their crude states. 

They may also find application in large ocean-going ae in cases where 
ait is desired depquent mre 
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questionable on account of some aspects of atomic reactors, to which, | shall 
ye e must not forget, however, t these bright prospects for th: peaceful : 
applications of atomic energy depend on the solution of difficult engineering 
problems, and that no reactor has yet been developed, or, I believe, even 
Ss i which is suitable for the purposes I have mentioned. “puetys 
Nor must we forget the limitations and disadvantages to which the atomic 
energy unit is subject, and which are inherent to it. sak 
One of the most serious disadvantages from the view of general industrial 
-usé arises from the fact that an atomic energy reactor is a source of ve 
‘intense and very dangerous radiations. A’ reactor operating at a Power leyel 
of 1 watt produces as many y-rays as a few grams of radium* and some 
neutron radiation as,well. Although a considerable, fraction. of these radia- 
tions will be absorbed in the reactor itself, shielding is required in order to 
protect personnel in the vicinity. Even in the case of a Very compact unit, 
the weight of shielding will be considerable. 4 
_ For example, let, us take the case of a reactor dissipating (not. generating 
as useful energy) 100,000 Kw. This cannot be much less in size than a 1. meter 
cube, having regard to the difficulty of the problems of heat transfer. It is 
easy to show that the weight of the shielding required to reduce the radiations 
from this unit to a safe level would be a few hundred tons. ie 
_ Even a low-power reactor will need shielding at least 50 to 100 tons in 
weight, and this factor alone prohibits the apatiation of this type of power 
to motor Cars or any smal! mobile units. 
Another limitation in the of atomic energy is that a relative! 
large amount of fissilé material is required even for 4 low-power unit. This 
arises from the fact that a “critical size” is necessary before the chain reactio 
can develop. Thus, for some time to Come, the minimum cost of materia 
‘for a power unit may be many thousands of pounds, and it becomes uneco- 
_nomic to.use atomic energy for small plants, 
‘Another consideration is that practically every material which’ is‘ incor- 
porated in the construction of an atomic ‘reactor becomes radioactive stile 
to its exposure to Meutrons. For this reason’, special provisions would 
to be devised for maintenance. 
The intense and neutron radiations also have’an éeffect’on the structural 
properties of the materials entering into the construction of the reactor. Owin: 
to their ionizing properties, these radiations ‘destroy the molecular bonds of 
many molecules. ‘The choice of substances which can ‘be used is, therefore, 
restricted to those which tend to return to their original state-after intense 
‘jonization, such substances as elements i:nd’simple ionic compounds. 
far even these will endure the very great irradiations resulting from large 
power outputs is not known, for experierice is still very’ meagre. This effect 
may pone y set a limit to the power output of an atomic reactor and even 
to its Ie, ie 
A further difficulty may be caused by the Serin products, more. especial! 
in the case of the natural uranium reactor, Some of these fission Sentacts 
may absorb neutrons so strongly that after some time the chain reaction. will 
be inhibited, In ‘such a case, it would be necessary to remove the uranium, 
‘extract the fission products, and either to the reactor with new 
metal or to récover the uranium and to replace it, adding sufficient plutoniun 
necessity, all reactors manufacture fission products. At some stage 
other, it will ultimately ‘be desirable to remove them. Theit. disposal ny 
‘prove to be an awkward problem, 
_ The reflection, that an atomic reactor -necessarily.depends..on a 
‘similar to that in the atomic bonib: naturally raises the question the 
control methods are adequate: to eliminate ‘all, serious risks. oc) 


“This does not include the tadiations from the fission products. 
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“neutrons alone cannot sustain the chain reaction, but require 
‘delayed ‘neutrons, In this way, the relaxation time of the system. is made 
“equal to some seconds, and there is ample time for the control and safety 
‘rods to take charge of any ordinary variations in power, Danger, would only 
arise if, by some gross accident, the multiplication factor were. to increase so 
“much that the prompt neutrons could multiply of themselves, for. then 

_ power might increase too rapidly to be controlled by the safety, devices.. If 
‘these fail to take charge, the reaction would probably stop itself by. produci 

, Changes in the system which would increase the neutron leakage, changes si 

due to thermal expansion or even melting, or vaporization 
In an extreme case, there might be an explosion of adow order. | It:is incon- 
‘ceivable that a reactor which fad been designed for Rewcs production could 
explode ‘like the bomb, for the fissile material would be dispersed and could 
be assembled short enough time. slow, 
“Chain is propagated by neutrons moving wi ermal velocities, so that even 
f deliberately uncontrolled explosion would be no more violent than one of 


éxplosive, 


“Nevertheless, contingenciés of this kind must be eliminated as far as possible, 
for the real danger arises ii from. the effects of the explosion ieee than from 
‘the effects of fission products which must inevitably, be, present, in the 
feactor, In a high-power reactor, the fission products. may. be equivalent in 
the.intensity of their radiations to many tons of radium, and if they were to 
escape and to be distributed by an explosion there would be serious risk to 
‘the health and lives of the population within some miles. of he plant... It is 
‘possible that. the heavy conerete and steel: shielding of the plant might be 
strong enough, to retain the fission products wholly within the Ha 
the worst restrict their distribution toasmallarea. 
_, The problem of, eliminating these dangerous) contingencies is, mainly one of 
design... Various. possibilities, are open, such. as, to. limit the amount of. fissile 
‘material, so that:an, excessive rate of reproduction is impossible, or to desi 
the reactor so that most, if not all, possible cl 28, such as.a.rise in tempera- 
Joss coolant, will, tend, to, inhibit, reaction by, reducing) the 


I have, mentioned these dangers because they are .a, feature peculiar to 
atomic energy,seactors, but it;would be unwise to exaggerate them. The fact 
is that this nature has occurred,.eveu of a minor. sort, after 
some years,of operation ofthese plants...) 
far “asthe tiimediate Tutte ‘is coricerned, ‘the “application ‘of atomic 
energy to the production of power is not likely to result in a net decrease of 
over-all Costs to the cormimunity. 
Owing ‘to’ the difficult and“ tedious’ ature ‘of the processes “for preparing 
‘U235 or plutonium in high concentration, reactors agian Si Such materi 
for filet be far’ more costly run than existing hydroelectrit ‘or steam 
ower plants, and the most favorable comparison at thé present time will be 
given by the natural uranium reactor.” Te 
_, Recently,a U.S.A. committee has, made a careful study of ‘the costs of 
building and 4natural uranium reactor to deliver,75,000 Kw., and 
concluded that the over-all cost of power would be only about 25 per cent 
greater than for a coal-burning power plant. This estimate is based on the 
assumption of a high operating temperature of the uranium reactor, that is, 
on the performance of a plant which has not even been designed, let alone 
built. doeatunt therefore represent the present ‘position, but the: possible 


positiom in’a few years’ time, when research and ‘developinent' hdve provided 
the solution. of a siumber of- difficult: ‘technica 1 
estimate is nevertheless valuable in indica ting 
already be foreseen. It is not unreasonable to 


committee’s 


which can 


3 “486 

‘ 


of atomic energy will reSuit in a’ material'reduétion of costs and perhaps make 

the uranium reactor, a/direot competitor’ with other power) plants; 

the present moment-it seems that ang 

be. justified}, on ja. purely..economic -basis.only cin; the special circumstances) I 

have previously mentioned,..where the power meeded. to! develop, 

either very costly or unavailable, or because: of, difficulties of ‘tramsport. 
What is needed now is intensive research and seta yi in the technical 


‘oblems, which are involved in the pest 
only clarify, our present somewhat. but. may, well 
quite new lines may, be 


opened 
In assessing the possibilities of tu development’it i is well to 
not only that the art is in its infancy, that the preoecupation 
foo with the military aspects of atomic energy, has excluded almost | fated 
tely. the consideration of industrial applications, “These military as 
ill have, and, until some far-reaching international agreement on, the pra 
such weapotis is ob , are bound to have, a retarding influence. 
peaceful developments, for the reason that the paramount need for secu 
prevents that wide dissemination) of kmowledge which promotes free 
of thought, stimulates ‘and gives a an to, invention and 
development. 


reasons of time omitted d many, features of the suib- 
t which have rere reat, interest, and. some features of considerable im 

‘or example, I, have. not referred, in discussing the applications of 
to, the interesting uses of the radioactive, substances which. 

uced; nor haye I referred to, the economic, aspect 
uestion the raw materials, for the exploitation of atomic energy, an and 

ibilities of the greater poneeryenee of our natural resources. 

the time at my. disposal 1 have been able. to give only a ‘broad litline 

‘the processes concerned in the release.of atomic energy. and of the applica- 

ns of atomic € to, the production ot. pores for, industrial 

haye tried to show that there.are characteristic advantages and characteris 

itations in atomic power which make tt in, some measure a- supplement, 

existing sources rather than a competitor of coal or oil, and Eber also ; 
ovide-a strong incentive to push on to new developments. 
At, this early stage in. our, knowledge,of these matters one cannot hope 


Clearly into the future, but only to diseern the probable lines of pr 
Jpon, some lines we in mind prove 
but if we can history of and technical devel 
ment, it ig more that likely others will ished rich reward, A 
tee ago has now beet accomplis have 
Already ‘mili 


_ weapon, unparailele bee 
amounts, of ‘radioactive material ; ufactured, 
8 


ces which have, owing to their sanereB LARS © 


up. by in rad nuclear transmutations and collected in large quantities; 
and the first steps have been, taken the. ¢ new 
sources for industrial application. 
i> Dhis new eft rise constitutes a far dee pen. inte ference’ wi hatui 
course of events than anything which has, mpted it 
a most remarkable example of, the of, science and engineeri: 
ar of control over the processes, of Nature. It is not easy. 
is 


to, suryey, in detail the consequences which may flow fro 

pee Ae in the years to come, but it can hardly fail'in the long tun tt 

bring about.a, new, new situation a8 regard human tepplirces. 
edt balies nt lo fge tag badigaok bag 
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bow NOTES, ON, SUBMARINE, DESIGN, Jo 
This article by Commodore A. 1. McKee; U.S.N:, covers the basic principles 
of submarine design. To those who have been associated with submarines 
the material is ‘familiar, but to those who are not’acquainted with the opefa- 
‘tion of submarines the article will be very informative, ‘It is reproduced from 
the Mately 1947 issue of “Mechanical Engineering." 


“Among the engineering professions, ‘that of submarine design is one which 
' claims a relatively small number of engineers but one which, in the enthusiasm 
; of its members, concedes nothing to engineers in other fields. 
_ The submarine designer, like any other naval architect; has’ the proble 
of ‘Surface speed, hull form, stability, weight distribution, hull strength, watet- 
_ tight subdivision, and general arrangements; but in addition to these, he must 
find ‘solutions to the ‘problem of submergence itself; propulsion while sub- 
merged, depth control, stability while submerged and. through all stages of 
submergence and emergence, and a real space problem.” o Sa 
*"'Let us consider, first, the problem of submergence itself. In principle it is 
simple enough. We just provide some tanks and let the sea water riin into 
them until the weight of the ship, including the water, just equals its total 
displacement, being careful to. stop when we have just the right amount, and 
being careful also that the distribution of the water iis ‘such that the ship 
remains upright and on an even keel. On one of our modern submarines we 
allow about 15 seconds to take this water ballast 'aboard’and, as it is comin 
in at a rate of about 2500°tons per minute, it is manifestly impossible 8 ; 
exercise any control of its amount or distribution at the time of ' flooding. 
‘So the designer must exercise the controt of the amount and distribition of 
the water ballast, and this ‘he does by making the tanks of such size and so 
locating them ‘that when they are full, the submarine has the right amount — 
of weight added at the right place to'give it neutral buoyancy when completel: 
‘submerged., These tanks are called’ the main ballast tanks. Since they 


always open to the sea, the internal pressure is equal to the sea pressure’ at 
all depths. Their external boundaries and ‘divisional bulkheads, therefore, 
may be of light construction. 
Now. the submerged displacenient is almost'a fixed jon yh varying only 
‘with the density of the sea water. This variation is’ so small (46.5 per cént) 
that we may neglect it during submergence arid correct the trim after sub- 
mergence. Since, for submergence we always take inthe same amount 
water, it follows that the weight and longitudinal moment of the submarine 
lst not be permitted to while the ship is on the stitface.’ The tendency 
or her weight to vary exists for, like any other ship, she uses fuel, lubricatin 
oil, fresh water, stores, provisions, ammunition, and torpedoes. ‘This is 
a small matter for the total of the variable weights is in excess of 500 ‘tong fe 
a submarine of 1500 tons standard displacement.’ The design ‘must incliide 
means by, which the crew of the submarine Can compensate for these vatia- 
"The fuel is the vatiable arid, since Spiace'is always at A‘ pré- 
mium, we make the fuel tanks do double duty aiid serve also as compensati 
‘ water tanks., The fuel system is so designed that, in order to get fuel to th 
sngines, water, must be forced into the tank and this forces the fuel out of 
é tank and into the fuel-oil line. This is not difficult for, as the fuel floats, we 
put the compensating water in at'the bottom of ¢ach tank and take fuel from 
e top, The salt water, being about 17 per cent ‘heavier than’ the’ ftiel’ it 
splaces, overcompensates, and, in so doing, ‘assists ‘in compensating for the 
_ expenditure of other consumable weights, 
For the complete and accurate compensation of the net Variations iti weights 
and longitudinal moments, we provide another set of tanks, called the variable 
ballast tanks. These tanks are so distributed that they can be partly or com- 
pletely filled with salt water to compensate for any reasonable variations in 


‘9 


is 
ie 
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the expendable weights.and their moments. ‘Since'the fuel tanks are always 
completely filled with a liquid, we can make the det in them equal ‘to’ 
sea pressure and then build ym tanks of light material. The pressure:is main- 
tained. equal to sea water dine-open 
all fuel tanks, at times, an ce ng a connection from the sea to the 
compensating water line... A vaive in the:fuel line to each: tank provides 
necessary control for transferring fuel. 
in these days of fast. ainplanes, there; is distinot in getting a 
submarine completely submerged and out of sight before an enemy airplane 
can get close enough to do some bombing... We can speed the. 
by having. the. submarine go ahead, through the water. 
ith the bow depressed; and to, get, the bow » we deliberately sub-., 
merge it first by designing che, main-ballag flooding: holes.and, vents so 
t the for the forward tanks is-only about, one-half.as)long as. 
for the aftertan 
To get the main ballast tariks flooded initheir allotted 15 seconds requires 
some special consideration. We could and, until about 4 years.ago; did provide 
ba valves so that we could control the flooding; but when we need about. 
phe hs feet of flooding area, this required many rather large-sized valves. 
a well as a means for getting. them opened quickly, which involved,compli-. 
cations. When the war came a sue. Joe the submariners decided not to. bo 
with opening and closing the flood valves but just to leave themopen.all the 
time, the way was cleared to omit the valves and we now, cut flooding 
in the bottoms, of the tanks: ‘The vent valves were, of course, re etetned an 
furnished all the control that was needed. ' By opening the vent valves the 
tanks can be flooded and by closing the vent valves and introducing the air 
into the tanks, the water is forced out the bottom. 
“When a submarine is running on the surface, there must be several openings 
in the hull, which are‘as follows: 
An air induction valve ‘to s air, about 30,000 cfm. to 
and for ventilating the ship and the storage batteries. 
An exhaust valve’ for each engine that is running. 
A hatch to enable the watch, 5 or 6.men, or it the 
bridge are manned, to ‘get’ be 
@ A second hatch or door if the gums on pe cae 


SEQUENCE oF DivinG OPERATIONS. 


To pre a dive, certain operations are n 
Sound: the’ diving alarm “there” will be aay get" the, 


stopped on these valves signal the. control room that the engines have’ 
s 
Close: tlie vakiows, ed 
operations must’ be performed ‘Ra the sequence 
operations are going on as'follows: 
5. Open the main-ballast-tank ‘vents.’ ' 
6. Bridge watch and gun crews get below; the last man ing he tach, 
Close ammunition scuttle, if open: 
Disconnect engines from shafts. 
19. Go ahéad ion main motors. 
11, Release compressed: air to show that the ship has been tthe. 
barometer will begit to show.an increase in “pressure when’ thé 


is,elosed). 

As the main deck will. go under in about 28 sdéeonds-and asithere must 
no mistakes, you may be sure that the designers of the 
operating gears, controls, and indicators er ree no small effort 
convenient arrangement; and in testing them thoroughly when it 


é 
| 


desirable to miake departure fromthe previ desig if any: ot of 


‘If the reader were in command) submarine 


enemy |target and /found,-when ‘he attempted to last look, that 
diving) officer :‘had gone so he could'not see through 4 periscope, he wou 
reciate the desirability having ‘noe diving’ ofice; 
marine that a good diving officer could’ keep'at the'torrect ‘depth. 
The ' desi ‘must’ provide’ that! kind’ rine it’ 
essential to have one that will not ‘inches from’ the 
depth | in 'asmooth sea while: making’ not more than’? knots; ‘speed whic : 
surface ship does ‘not even upon as steerage ‘way.” Ih'a'choppy sea 
with whitecaps; it'is’not of cing 80 for ‘the 


SCO} would’ be harder to’see,’and exposing ‘th e 


{fie 


thalke’ possible this desired degree of “ot control! it 
conventional to rovide a set of hy near the’ ther 
near ‘the stern. ‘With this ‘as’ starting point, the designer now has only 
analyze the performance of‘ previously had good,» 
of ‘indifferent, or bad depth control, decide upon the a shape, peed. of 
tation, tiethod of control, éxact location meth: ge and then 
In Our Navy, there is a furth Beatie | in, eof th the bow planes. 
as we design them to be folded | agaist, the when 
they will not against of vate, ret pi 
eir-opera mechanism must be so. that, they will not , 
damaged if lage ri out on the surface and, do pound the surface. 
attempt to determine, the, load so im by direct is futile, for 
would inVolve many assumptions which would belittle, be iter. than 
So here again we fall back on analyses of the planes.on previous submarines, 
ative at those which have failed as well as those which have not failed, and 
Mt ah equivalent permissible loading per square foot... [t is, mt a Aral 
foe. submarine, it Amounts to tal load, of 
es, The. stern, planes, are, hd just abaft the pro- 
lers, and pipe path them to be made smaller than would otherwise be 
as they are in ead ata higher 
n the water at any other p 
‘The bow planes sin d th while ithe'stern, phines 
are used to control the rs) The ship. For large or rapid changes 
depth the stern planes are the most In that case are are)used to 
The bow planes also serve a useful purpose ‘which cpuld dot be accomplished - 
by the stern planes in connection with the firing, of torpedoes. -If a salvo. of 
6 torpedoes is fired from the bow, we have suddenly removed:9 tons of — 
from the bow. Its effect is to make the,how'try to 
minimize this tendency by flooding the torpedo tubes' asi rapidly as possible, 
the bow es must be put at hard dive. when firing is commenced. and h 
there until full depth control is regained. 
There is one more feature which is provided for depth me It'is ‘a tank 
of amidships ‘which which ¢an' be. flooded 
y and which is used when: it is necessary to prevent broaching of! to!go 
A this tank. gall the tank”! because it 
u 


the ship 
time slightly.) It is-then emptied: 
105/19 bas 
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The: problem of the’ stren 
surface Instead ofa’: 
to which’ 


acing of‘ the ma 
bat ape 


ts 
all’ closures’ atid’ 
‘oF of 2:5; a 


of the shi other models Which’ 


tization is'a relatively simple’ long cylindrical ship. 
Transverse bulkheads ate provided to divide’ the ship into compartments, an 
one of which may be’ flooded’ without sinking the’ ship, provided’ she’is not’ 
submerged at ‘the time!°One of our submarines during the war floéded' 
compartment’ while submerged: She latided' on the bottom’ almost immedi-' 
ately but the eréw ‘was able to’ bring to” the ‘surface and‘ to thé tédrest~ 
friendly port, over 2000 miles. There haye been several daseswheté a’ ¢om- 
has ‘been flooded’ while a submarine’ was’ on’ the sarfaee) and ‘the 
ulkheads saved the ship from: sinking. The'design'of the bulkheads, becatise | 
of the preabare and of the’ necessity’ for keeping’ the within 
reasonable ‘limits, is based upon formulas derived from many’ of small: 
scale bulkheads rather than on ‘the usual’ beam 


The most difficult ‘problem has been the’ design of a We 
e 


able to withstand! the required’ pressure in ‘either direction: ad ‘a’ very’ 
good test of one submarine door’ in 1939:wherf thé Squalus’ sank!’ This door | 
was exposed 'to‘a' pressure of 105 psi. in the ditetion which tended to uhseat’’ 
it, and! the total a the 113 days' before the ‘ship’ was raised yes ae 
a few gallons. Since that time’ it has been necessary’ to: change the design of | 
the doors to make them suitable for more-that twice this pressiire! A’ now 

being used, the door'can be closed and: secured in’ 3! stronds by one’ man’! 


Stability 'is always'a matter: of ¢oncetn to the ‘naval architect. If he is 
working on ‘the design’of @ surface ship, ‘he ¢alculates® with’ considerablé 
accuracy the heights of ‘the center of gravity and the center'of buoyanty in the | 
various conditions of loading he expects the ship to‘encounter and then adjusts | 
the beam to give him the desirdd ‘metacentri¢ height. “This statement’ ‘makes’ 


the process ‘sound simpler thar it teally'is, for if his*original estimate of é 
beam was’not a'teasonably good one; he might’ find: ft Necessary to’ alter the 
lines to stich an’extent that he must recalculate the’ position of his cénters' 
of buoyaney and of weight) However, he’still' is able to obtain the ‘desired’ | 
stability characteristics by choosing favorable bteadthat the water line. 
On the other hand, the submarine designer must obtain satisfactory stability’ 
with the ship submerged. Then ‘there is no waterline and a change’ if ‘the 
beam has no effect on stability. Furthermore, th of the submarine — 
which not fully flooded must be. essentially ciecular-in section ‘so will 
withstand the required pressures. So the only factor available‘for ‘him to. 
work on. to get. the desired stability’ when. submerged. isthe iposition..of the 
subm 80.2 orts are irected towaxt components 
as low as practicable. Even the lighter items. such, as pipe lines and. electric. 


eth of ‘the’ hull differs éntirély fromm ‘thatof 2° 
ressure of about! 15 which is 
rface vessel is exposed, the ‘subtiatine’ be 
designed to withstand a pressure of several hundred padintls per' square “> al 
acting on all parts of the hull.’ This requires'a’ rather lengthy calculation for 
every frattievof' the ship, and icatefiil the’ siell aiid 
frames to keep the stfesses at all poin 
limit: “It aléo reiires ithe most ‘met 
points of dis¢ontinuity for we dre wo igs 
the smallest used by’ Mar met is‘ used’ for 
strength calculations; and as it is too theoretical'to the designer entirely 
a 
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pea oa as low as the available space: pe Those items which 

are too bulky or which must readily accessible the peraing stations 

are screened carefully to be sure thay have been. made .as li 

This latter is: very and. must, be borne.in. mind 

ment of all the working plans 

Not many years ago one of. our submarine design ards was rather, hard-. 

ig, the drafting room to get the plans by the time the were 

needed. and relaxed. somewhat its efforts, to. keep the. structure and. fittin 

near, the. top.of the ship as, light as might have, been possible. As a res 

the we an of the ships of that class wag less than the designed stability ve 

barely, above the acceptable minimum, Later in their lives these ships could - 

not be pees. all the alterations which were found desirable under war conditions - 

and, before the close of the war, were withdrawn from combat and used for: 


training 

This brought forcibly the of that yard the necessity 
for meticulous care in the design of each part, andthe saving of weight was 
a serious consideration of the design: of the hollowing class.j 
That this care paid dividends was well established by the fact, that the actual. 

' weight of this was about, 100, tons less than the original designed wei hts. 
As previously. stated, a given submarine must be kept-at a constant disp 
ment, so wat wat necessary to add 100 tons of ballast before these aecaine., 
could. o .. This ballast could be placed at the bottem of the ship where - 
it woul aoa the.center of gravity and increase the stability: The stability | 

the by. a considerable amount, and, 100.tons seems like . 
a lot of extra 

This margin weight and stability was obtained at. the most opportune 

moment, just gs es 1940 building program. All of the submarines built — 

during the war were built to this design with slight modifications from time . 

to time. .Whenever a new device was inven or developed that. would., 

increase the effectiveness of the submarine, and they nearly always meant. 
an, increase in weight, we had the np hy available merely by removing some 


of the ballast... Never during the war was there any concern about.a submarine 
being deficient in stability. or t. Nor was it ever necessary to decline 
to make a desirable change in the because we could not tolerate the — 


additional weight. . Continued attention to in the design 
tained this very satisfactory position even until the war ended 

All of the foregoing considerations pertain to'the stability when a a 
It. is still necessary to provide satisfactory stability on the surface, and 
is accomplished i in the same way it is done,on any other, surface ship. raniwes 


ALwost Constant CHANGE In Deralts. 


In,1940, when orders. were, placed for a fairly-large number of submdarines, 
the designers felt that, they had.a very satisfactory design which was ready - 
for production.in quantity... Yet;.as the war progressed; it. became more and. . 
more apparent that what. they actually had was a very satisfactory saan 
point for, the. continuous development. of, the design. 

Mention has been. made.of the fact that po Rima were made during the war; 
There. were,no basic changes, forthe shape of the hull and the same general. 
arrangement were used for all submarines built during, the war. However, | 
the author finds. it amons te think of a single part that, did not undergo at. 
least one change in hundreds of changes, some of the 
ones may be mentione 

Two 5-in..and. two were substituted for one 3-in,' and tw 
50-caliber, machine guns. 

The crew. was increased from 54 to 70. and the additional’ required berths 
and lockers were added. 

The number of officers was doubled and the tequired secommoda tions were 


provided. 
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to keep up with the wore octet developments. 

strength of hull and its resistance 
greatly increased. This required new forall fittings sub: 
sure, as well.as for re entire structure of the, 

The main metors and their controls were lly changed, - 

The diving time was reduced by one-third. 

The capacity of the air-conditioning ing plantas increased by $0.per cent. 

The reasons for some of these changes are obvious, but considera 
which caused the most numerous changes of, individual parts was that of the 
production. of undéfwater noise. This required: the careful study of every 
moving part, and eventually, every such part was. changed to make it less 
noisy. If ever a designer was repaid for his efforts, this. was the time, for the 
amount of noise prodiited by a submarine at the énd of the war was only 
1 er cent of. that. of the war. 

o discussion of the.subject of submarine design would be complete without 
mention of the part.played by the operating personnel. Every designer knows 
that his most valuable source of information is the.ctiticism of his customers. 
Unlike most customers; however, the submariners know their ships thoroughly, 
both in praca and in detail, how py oe works, and how to fix it when 
it doesn't work Properly. With such Kkground it is not surprising that 
their criticism was almost invariably construetive, Without such constructive 
criticism, it is difficult to believe thet the su te could have been developed 


ROLLER BEARINGS IN rae TUBES. 


This interesting dttiele from the August 1946 of of Ship” gives 
a brief resume nce to date with the use of ler bearings in place 
of the conventional ignum vitae or rubber. stern tube Oe noe 


One of the most dificult positions ia whieh bearings are required to operate 
on board ship is in‘the-stern tube. “Algo.it is the bearing applications 
in which tradition has-tesisted change-for-the longest time. For generations 
a lignum vitae—linedtube was the universally accepted standard type of 
stern tube used on ships, while on small vessels either lignum vitae or 
some gent ot dow friction material was used to B.previde bearing surfaces for 
propeller shafts...» 

Pangeteopeng ape for, lu , the inboard end of the tube 
being provided with box, iplain flax-packed type, to 
prevent leakage of water into the hull. In mest cases this stuffing box would 
be slacked off enough to permit slight lea » thus insuring a flow of water 
through the bearings.: Naturally ‘any ment or foreign matter in the 
floatation water found i bearings with the water, wear of the 


bearings was the expotted r fenewal at frequent intervals was 
2 routine maintenance. 

Owing to the heavy wear of tube bearings, the shaft 
is subjected to contintious bendi ‘alo ting stresses, and the resulting 


fatigue sometimes causes fracture of the t. Fracture also may occur as 
a result of corrosion. due to penetration of seawater between the shaft and 
the bronze brass shrunk on 4 

rictiona am resulting in waste of engine power, is appreciable wi is 
type of bearing. In connection with the tests made in)Europe, before the war, 
to determine friction losses in line shaft bearings, tests also were made on 
the stern tube bearings. For thesestests theythermal method was used. By 
means of Btu. calculations based 60-measurements of the temperature and 
amount of the incoming and outgoing water itwas-determined that the friction 
loss in us' bearings is two per cent. 

Because of the considerations , it became apparen 


that the application of siting aca bearings to stern ages tl 
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tan ating in a Eu harbor 
the Two SKF spherical bearings 
-were installed in the stern tu anged to operate under slight oil pressure 


and the ends of the tube were sealed by flexible | leather seals and a 
stuffing box. Details of this first application are shown in Figure 1-A. 

The next step in yr pen pecs was the application of this of 
bearing in the stern tu ing vessels. The first ship of this 
kind to be so outfitted $7-ton motorship Wuppertal. Two 
roller sealing he ge used in each stern tube, with spring-loaded 

eneral agran ment of the bearing a application 
own in Figure 


ved highly satisfa and he 
mine more Robert the 


German Works ¥ similarly uippéed 
Despite obtained with téper g equi stern tubes 


in Europe, littleiinter shown in in UnitedStates 
until 1939 when Guard beodme ectively interested 
equipping some ‘of ats sinaller boats with:thé.SKP stern tube d 


writing,’ 100 A ive 

6S ft. CG63300 (Harbor) - 

113.“ Forsythia (Rivetboat) 
4s 413 Cosmos (Riverboat) 25 
Apalachee(Tug 
180“ Cactus (Ice Breaker) 
3 255-7». Mendota (Cruising Cutter) 


In. addition, the U..S, installed stern tube roller béarings in 
56 tugs and the Maritime Commission has fitted them in 26 tankers. <A typical 
‘arrangement, as used in the Cactus class cutters is in 

fn various. two types application are used. li. 
thrust block is located between the propeller shaft and yt in wh Cen 
the roller bearings im the tube does not take the,thrust and are of 
radial type. In the\other, the roller beariig-in ‘the forward end o 
er thrust, 
‘o meet th eaition, SKF developed a type of roller b 
which the angle btneen the the andthe rollers is 
imately 45-degrees-as-shown in 

Bg with the experience of the Germ: ships previously 
to, the Coast found that the pin ae gs themselves were trouble 
free but difficulty was experienced in mi an ‘seal of the 
stern tube. This caused-go-trouble with because théstern tube 
is filled at-alt times il under a press: greater than the pressure of the 
but it involve, in the: nstallations, a- 
loss of oi ' 

This trouble disappeared rith the ofthe, of which 
some 64 sets have been installed in Coast Guard vessels at the time of ane. 
The 


shown Figure 2. Hereie may that the-ealng is effected 
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rings: that: rotate with: the shaft and are préssed against’ 

that as the fluid pressure increases the Pressure on the sealing faces 

automatically increases: 

“The:Coast Guard ‘reports that such trouble as has’ 
the roller bearings has not been due to the hearings’ themselves but has been 
caused ‘by’ dirt'and metal chips being Teft'in the lubricating oil lines by 
yard workmen. This was a very common experience dufing wartime, w 
thousands of relatively inexperienced workitien ‘were working ' under 

. It ie essential for the success of sterm tube roller bearings, as well 
as any other roller bearing application, that the lubricating system be thor-*' 
oughly cleaned before using. With a clean’ system'and with ‘the bearings 
operating submerged in oil, long life is assured. “The beatings are ‘not critical 
as to the type of oil used. Mineral’ oil of 30:50°S.A.E. viscosity is 
suitable. ‘This positive method of continuous lubrication of’ all moving parts.’ 
in the stetn tube is avery attractive featured a} 

Another precaution’ that should be observed iit ‘cotinection ‘with itistalla- 
tions in which the‘ jnboard roller bearing’ sérves‘as' thrust ‘bearing, ‘is to 
provide some form’ of -coupling between engine and propeller ‘shaft at will 
allow a certain amount! of axial freedom. Otherwise,’ the expansion ‘of ‘the 
engine bed and shafting when the engine warms up will overload and destroy 
the engine stabilizer bearings as arly axial movement must of necessity be 
taken up by crankshaft movement because of the very slight axial freedom 
of ‘the thrust bearing, 

A striking demonstration of the ability of ‘roller to shock 
a injury is Henge in the case of the Lantana, a Coast Guard fiver-ty, 

y triple screws and) equipped ‘with’ SKF sphetical’ ro 
ad in all Be tubes. As the result of an encounter with ‘ice, all three | 
rs were severely damaged, two propellers left with only @ piece 
j one blade on each while the third Her‘had left a short piece of each 
blade. When the vessei was docked for examination it was found that 
despite the heavy shocks of the blows hee Heys S92 the propeller blades like 
straws, the roller bearings in the stern tubes showed not the slightest sign. 
of injury and required no repair. It should‘be’noted that the Lantana’? stern 
ae to the struts and the outboard roller béaring is right next” 

to pro r 
may be‘stated that roller beari in'stern’ tubes, as compareéd’ to’ plain 

bearings, appear ‘to offer a definite $a’ Operation and maintenance Costs,"| 

dué to these factors: 
‘}, Lower prin tied cost due to greater reduced overall machinin 

ments, such as; depth stern eye bore being approximately (i 

that required for ‘friction type bearings, elimination of fine shaft machin ng 

for ‘fittin ng bronze liners wi machining of liner outside diameter. 

The SKF desiga employs a standard bearihg mountable on American Standard © 

commercial finished shafting with no additional machining required.’ 

Substantial saving in power and fuel. 

3. Reduced maintenafice costs of and 
by‘removing rub contact ‘wt ait tes possible: 
stress localization and of ‘shaft fractures. 
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PROTECTS: 0, NAVY'S 
nad bes 
i ie by Captain: H. U.S.NIR:, and Cotimandet RY 


R.; who, in their duties in the Air-Conditioning Section ‘of 
ureau of Ships; have been’ largely res ent of 


Navy's dehumidification procedures, will be be of to val hands, ether 


they are en in “inactive fleet’ work or The pai printed f 
the Maven ‘isstie of “Heating; Piping and 


. - } 
| 
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_ NOTES. 


tthe end of World War, Il,.presetvation. measures! to.implement the, 
Kean the. Flvet'’ program; are, not. only. well defined, 
sity 


of; ation. were well known as they are today-—but ive engineerin 
-desirability..aad.., icability; had; not. been. lok he, 


methods employed then, comprised the application: o materials 
‘These consisted principally of red medians grease, which 


minder; 
for more adequate of projecting eu naval vessels. 
the ravages of atm i¢, corrosion; // fo vi 


are ng protected by employing; scientific means of dehumidification, paint: , 
speed at which the can, be to an active stat 


remain in, an, excellent MANY, Years 


ni 


juodtiw 


closing, a,ship's hull provides, n 


controlled... 
reservation by means of coatings alone is not sufficient... obsld lo 


“the solution most immediately analyzing, these factors is 
be made as tight as practicable against, the 
air and moisture. The atmosphere within should then,, in-,; 
deterioration is inbibited for an inde 
he this solution to the problem, was dependent 
upon, the and manufacture of. equipment, which could. 
the desired la y. condition under of, weather, 
about the continental; United, States. ‘Nice basic, ‘to, the, matter, 
ob uate equipment was quantitative data concerning the moisture 
loads to 


removed, in, order, to.arrive,at sizes, cover, 
space requirements of various types of vessels. 


ovine uipment. of |a satisfac the; 
deared control o just, prior to: Var Var which ‘the 
Navy’s were di diverted to priority 
owever, t basi recent ts for 
future The for cargo preservation 
had been successfully accomplished by one ghadievay who pioneered. the idea. 
ithig, background-—including | with \¢argo, vessels—contributed. to 
ting out the many, difficulties and variables that,such a problem anvolyes,,) 
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and advice manufacturers consultants whose various cbatribu- 
tions were carefully screened, considered, molded by the! Bureau 
of Ships int} @ Samposite idea! upon |whi was able to proceed. 
Test installations were made in yarious localities on various types of inactive 


vessels for plirpose of determining the signed, test of these ation 
measures. umidifying,machines-were | tested, and re-d ed to 
obtain the désiretl nd ction for long with 


minimum attén 

The results have deliumidifyi ines employing solidi chem- 
ical desiccantszaiid a method of control of machines So e fea- 
tures of averaging, recording, and indicating. In addition to these, there are _ 
other means.ot moisture removal with static desiccants, methods of packaging 


deck equipnient 4nd ordnance; and—imder ifiditions—the application 
of preservativés=on steel surfaces? the equipment now being 
installed, théship virtually becomes 4 dry storage warehouse and the ity 


for ashore is eliminated. 


| “Isaetive 

Upon of to the “inactive fleet,” “proceeds immediately 
with preservation measures: —Upon-reporting, a (Urgent repairs are} accom- 
plished and thé ship is drydocked 'to apply new antifouling paint and ‘to have 
other essentialunderwater work undertaken, ‘Théreis an immediate third 
reduction of-the. wartime complement by , com- 


Preliminafyo pféservation meash and drying the 
ship’s hull machin are “rust ntive 
compounds &fe,applied. equipment is.ceaddy "for immediate use without 


the removal af. preservatives. Although arefew-vermin, and 
insects on naval ve$gsels, prior to final’Glosure the shipgis completely f furmigated. 
During théséinitial preparations, thé dehumidifi n equipment is installed 

according to and made-ready te. The? i 

goes un idification is/to\ seal’ the -enve 
weather and“t¢ apen doors and hatchés within the 
air flow. However, the watertight integrity of the ship is maintained at all 
times. Alth@u ope is desirable to fhake thé topside as tight as practicable, 
not not t the ship tight to secure good etonomy 
ightness, howe’ is yas imperative but easy of 


is accomplishéd; beth:dynamically and statically. 
Dynamic 2i¢htmidification. consigts fof arcing the ship's air th 
automatically controlled and desiccant machine 
nected to a distelbution system, 
extend ithe they an excellent means for dis 
the small quantities of dry return flow is controlled by choice o' 
re{l.shows a typical system.) Fire protec- 


closure of ag@bess 
provided the ad fire boats, The npt have 
to be positive to/all spaces, forit’ has y test that 
and voids. = = 

Static is obtained metal containers 
cants in closéd Voids, tanks, and 8 This system is only 
integrity o ip wou 
will be accothplished sta 

The of ig into two s 
and maintenaticg drying. During the-initial drying peric ter 
removed froma ‘the bilges; steam, water;and drainage piping; an 
machinery. “Porta ble dynamic machines are used to pre-dry. 
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drying is accomplished and aad 
moisture load is ceotbed 4 of air-entrdined,wapor and a considerable quantity 


weeks, drawing the the surfaces while the space humidity 
is reduced to 30 per cent. During the maintenance resin Be: stage the moisture 

infiltration, and sucht and ater t 

occur. Such leaks must be found early and dehumidi- 
fication machine becomes “a costly bilge pump, mish 


Tie Egurement 


For the most economical use of” the équipment, ab machine capaci 
should be installed to take care of that amount of ‘ship’s space to provi 
12 hours per day of operation during the majntenance stage. Since breathing 
is the major load, the? machines operate principally 4 at ay and. the early 
morning hours. The relative humidity decreases-dur ie-day because of 
rising temperature, and. risés at mught because, of; falling temperature and 
The the N 

ynamic umidifiers—The ynamic silica gel 
inactive fleet arg the dual bed type, and 
and activated alumina. é general arrangements nd 
are shown in Figure 2. Humid air is: drawn fromthe ship and passed thro 
the adsorbing desiccant bed. A high pressure fan returns.the air to the 
through the distribution system.“ A second air circuit is provided for the 
reactivation of the exhausted. desiccant bed. * In sthis, weather air is heated 
with electrical elements siti either directly in the desiccant or b Joie 
heaters in the air stream. effluent reactivation air is disch 
board to the weather. The control of the cycles (switching beds) gaestyg 
plished automatically with a timer.or a thermostat.- 


Most of the requirements will be takencare of with three standard sizes of _ 


machines. A summary of the age 1 1 for the dehumidifier units is given 
in Table 1. RIE 


ont: to 
capaci per hr 
Reactivation economy, r. per Ib, ter: tic 
95 F., 35% telative humidity ,..,.. OMS 
? 
for di Tor ts ‘packages over mounts, 
ind it is also available for isolated compartments to h it is uneconomi 
extend the dynamic system from a ship zone... The unit ig also capable 


handling small vessels, such as landing craft. The ¢ycle om this unit is auto- 
atic, hr. and 25 min, adsorption, 35. min. reactivation, 
dehumidifier—with the proper 


et—can, be be Substituted for the portale, 


TABLE 1.—SUMMARY OF CIFICATIONS FOR DEHUMIDIFIER UNITs. 
Size. Size 
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Heine 
The dynamic dehumidification machines used in the Navy's “keep the 

fe program are of the dual bed gn shawn this of 

eral arrangement. desiecant bed rom the ship and 

adsorbing desiccan a second 
desiccant bed (silica gel or or activated alumina) 


Portable déhumidifiers—The portable dehiimidifiets, are tial 
of con freshwater ing, boilers, etc’ They. 


been found useful for initial drying o oP are ‘to’ be treated statically 
and before and after painting. teat consists’ of “a container. calle 4 
“desiccanistér™, filled with 40 pounds of silica gel:' To this is attached a 


th a heater unit. the compartment to'be dried is circulated through 
desiccanister. In ing piping, the ship ‘or ‘weather air is predried and 
forced through the pipes. n the desiccant is exhausted three indicator 
gel Ports show. a pink color. The desiccanister,is reactivated by removing 
‘unit from the an uhdried’portion of the ship or” 
weather and using the built in electrical to heat the air passing th 
the desiccant, “until the’ indicator ports again show’ ‘blue, Each une ey 
plied with two desitcanisters. ; 4 
“OM ésicons.” The. static dehuntidifies is ‘adcbmplished by’ placing’ 4) 
iniately’ 5 $4’ pounds ‘of silica in a perftianent aluminum, cofitainer 
Grated ‘Surfaces: Pach contdifer is with port’ contain 
tor'‘silica ‘tunits are called come packed eig 
or nine in a metal drum carrying case. : 


is ‘REACTIV: ti 
- 
. 


vehi will! coatain a) lof 
iurnal in temperature, will ca “to 


t an nsed, 
breads ‘ptovided ' on ther vei for te 
tains '4n inexpenst Beh 


adsorb oil vapors which—in addition’ to 


rm under On, ., is, 
given to the velopment. of; ication" Sone 
Reactivator —An automatic trolled electric oven is 
to reactivate the desicans and those breathers which’ may ‘be used: on 1 


lo relative humidity in, the dys zones is. controlled and ‘by. 
a contro: Hes is instrument is a combined de 
opment of the Bureau of re Ce ction and 
manufacturer... bas 0} 

insttament consists of ald whch 
are’ connected eight stations for sensing ‘the relative humidity; in’ addition, 
each sensing station contains 4 temperature élement.:°A: record of ‘the tem. 
perature and humidity is printed in arabieonumbets an 


machine 
paper once 15 minutes continudtsly or once every’12 hours as 
The identifying station numbér: and the ‘time are! ‘algo ty 


For control purposes. the tin avi 
humidity at the. eight sensing stations, i 
rises above, sa: per cent,, the will oh and 
to operate, unti average is wor. mp to,; cent. e 
tial is adjustable so as to: prevent short-cyclin 


The controller-recorder assists in balancing’ distribution:of dryair. in 
the ship. If the humidity at a particular statiow is running above 35 per cent 
relative humidity, the air control valve ‘(a'fire main vatve) ia that Sisbdivision 
of the ship is opened to allow an additional amount of dry air 
division. Conversely; if another ‘subdivision ‘is’ below: 25: Me 
humidity, ‘then the control valve for that section cah be adjusted: eaedioatps 
With the: aid of'a simple; direct reading;'air flow metet developed the 
Bureau of Ships these adjustments be'made ‘by anenlisted man: 
on wateh. ‘In the event of persistently high values of 
must be imade’'to' detérmine the’ source’ moisture and ‘corrective meéasurds 
taken. This instrument will contribute’ much toward: reducing: the: cost 


in valuable ships:: The installed equipment,cost is leas; than, 4, per 


below 15 cents per ‘of volume per with at, 


16 at fio bev tinfieh ni bet (ete aidgtie 
-imiis ot Atiw bos 


gnighule of gonsieies: oti! on! 


‘attendant dehutnidification powe cost for a déstroyer having a volume 

of approximately 250,000 cubic feet'will be about $1 

investment. ’A 35,000 ton battleship, costing ane 

would have ‘an attendant dehumidification 
servation 


it i¢ ObVious that the of dehutnidifica 


provide an excellent means of preserving Ariefica’ power oer ha 
readiness all emergenc tertos ‘st 
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6 issue of ‘Mechanical. It 
uebler of ‘the Westinghouse 


oxidation, ' joni, life, all desirable ‘and positive in nature, ‘but i 
pros we will concern ourselves ‘with’a ‘negative characteristic, that of 

usually, associates oil, with.the prevention of rusting. 

tremendous difference,in design between large and small turbines and 
the old and inewer-type units is well known. ‘The complex of; 
the modern turbine oiling system renders dismantling for cleaning diffcult 
and expensive. The higher, pressures, with their attendant higher tempera- 
tures, and the intricate and closely fitted parts in the control 
thé modern turbine Could tolerate the tise of the dlder- 

fied oils. “This with’ the advance’ in ‘turbine design’ ther 

been ‘ani Pavan in the development of the lubricating oils. 

If it were possible to stop and clean a turbine at short intervals, ‘the tutbind 
oil, of former; years, might still-be\used successfully. - However, a modern 
turbine called upon to operate continuously. fora: year or lon 
stopping for cleaning or adjustment, the use: of ani oil: with 
featares becomes of extreme importance. Hast9q 

turbine oil of. 45.00 :20 years: ago, at was 

t,, when the neutralization number reached 0. 59,: the: oil: should: be. 
uring its life, it had usually been * ‘sweetened”’ by, the addition 
te rom ‘time to We know’ that these “older oils deteriorate 
bilo in. comparison with ‘the life of the modern oil, that the products 
deterioration resulted ‘in heavy sludges and deposition ‘of “varnishes” on 
metal stirfaces; and that the’ thickness of these deposits i untif 
would eventually interfete with the normal fubrication of the ‘turbine, in that 
in Case governing apparatus. 
turbine-oil user would want to go back to the,plder types. of 
it is- questionable: if, we.would,care.to) use them in the modern, 
turbine. ‘We cannot recall that, the turbine manufacturers, told, the refiners. 
they must “build” a better oil,-or that the turbine builder and the refiner 
and decided to build better turbines.and oils. On the other hand, improved _ 
and turbine oils were‘the result. of modern research ‘and development. 
_ a representative of a turbine manufacturer, the author cannot but state. 
the refiners. most. certainly have,done, their: part in one 
_ stable, long-life lubricants for the modern turb: ines. 


DEVELOPMENT OF MODERN Oris) 
development of the’ modern stable turbine oil was not 
ftom coritinuéd’ research during a transition period of some 15 to 


fining. 
improvement in refining (improvements in removing unde- 
sirable components) resulted in oil in terms of prolonged 
life, resistance to sludging and normal breakdown, with the elimi- 
the deposition of of “varnishes” previously mentioned. 
this :discussion of rusting characteristics, we must: pause to touch,on 
the matter of.moisture, in turbine lubricating systems, To exclude moisture 
entirely from, turbine lubricating systems 1s practically impossible. ‘The 
of moisture aggravates emulsification, sludging, and corrosion, from 
Pullin acid. content.in the oil... With the modern turbine oil, these conditions 
have been: eliminated to a very great extent, but, in, their place. we encounter 
corrosion, and age when, water is present. 


nonrus teristics of oils are. dep: dent, upon thelr. ability 
oodenannily to to wet” the surface of the metal in’the’presence of water. I 


j 
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. Figure 1.—Stee: Corrosion Test 
(Left to right: No. 6561 light turbine test oil, plain, 384 hr.; No. 6561 light 
turbine test oil, 1 per cent water added, 384 hr.; oil from DeLaval gear case, 
264 hr.) 
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Standard Light Turbine 012 
Rating- Severe 

Standard Light Turbine 011 
Reting~ Mediums 


O41 No.3 
Standard Light Turbine O12 
Reatitg- Wediua/sovere 


Qik 
Stendaré Light Turdine 011 
Rating- Mediun/severe 


Sater-white Turbine 011 
Reting~ sltght 


Mord 
2290 Navy’ type Turbine 
Rating- Severe 


ative testa, 
Count 


ttee Committees De® 


Figure 2.—Test MetHop or AutHor’s CoMPANY AS SUBMITTED IN 
A.S.T.M. Co-operative Rustinc Tests. 
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Ficure 3.—REsuLts oF RUSTING WITH TURBINE Ors 


-Rounp SPECIMENS. 
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the older types‘ of 
wetting ability were! also those ‘contributed to the ¢arli 
mentioned: ‘Thus: through ‘their life was' itnproved; but the 
ability was decreased, encouritefed) 109 
Corrosion resulting from the formation acid: content and 
the subsequent at of metallic surfacés and formation’ of metallic’ soa 
has: been practically eliminated: ‘The ‘or rusting’ when ‘water: 
present in the modern oil is of a different nature and ‘began ‘to ‘be’ oehettee PA 
some 


“Figure 1 howe three steel cortion run’ eatly’ and 

illustrates the type of corrosion éncountered:' 

the way to! future investigations: » ne 


It is this type of corrosion that with the modern 
like to outline the developments leading to the “di " that modern 
highly refined oils allowed ‘rust ‘to form moisture was presen t in the oil, 
particularly 


therfield of lties from ‘rusting, and ‘it:appeared that» 


be oils!» Unfortunately; we were not 
opportunity to examine! the'oilsin! question ‘or :-the: tesiduds. 
or ‘some years: up to that time;the number! of instatices! brought'to: 

attention, wherein ‘turbine oil had>studged, oxidized; or broken: déwh: : 

caused bearing: and ‘other’ lubrication: difficulties: (other than: 

been-reduced: ‘to:a minimum. «Rusting:had occutred 

units) In older ‘units, ‘construction ‘such: 

while most undesirable; did not interfere: materially with controt;: 

in the-newer‘ty control ‘stems, it materialiy :affected: eperation:'« 

the subject of discussions with: representa: 

tives of refiners, our problems appeared to’have been ‘lightly 

Rusting, when using the more modefn: oils; éncountered‘on ‘tésts 

gouire: we did ‘not recognize: itS‘source> but ‘tended 

to’ place the blame'on i shop practices, for how could'an oil allow 

go our task for mt caning parte 

s, we took our shopmen to task cleaning 


‘sort of an lated in ines in the field before 
oil was’ placed therein, to ‘‘kill the acid” in the steel, fut 
rusting Of ‘the parts. There is; Of course HO acid in steel andl 
one heatd of anid open-hearth steel, a! termi derived from‘th of furnace 
lining, arid) betame’ confused: in We lé ‘to secre 
- this supposed ‘practices: 


| TRACKING TAB SOURCE or TROUBLE Mi 

The the field increased in isetiousness, atid‘ 1937, in View of 
the fact ‘that we did not appear) to-beanaking much* headway in securing 
actual fatts’as’to what rusting difficulties ‘were being experienced by others, 
' the author’s company embarked on a pcre of incorporating oiling systems 
which were designed to lessen ‘chances of: contamination) water'leakis; ete: * It 
was believed that we would thus be in a better position to faite! the’ lem 
would offset airy Sourtes. 


1 Meanwhile, labotatory investigations wiete in 
gion! wasvencouritered in ja: 925 -F. .teppmg turbine, 
modern; refined;oili:; Rusting! ecourred.withina a peril of few 
and to:sech-an-extent that iti became necessary, to:shut déwn and clean 
or replace certain-steel in dact; even some rust-tesisting: steel 
attack, nid io sft gnisives: noieorro) 
@ik, were examined.) Nery) little: change! from>the-original 
other than due: to moisture (we found 
0A2.percentomorsture)d box jos to » odd oi ta 
| o The: samples. were: divided: into: pants, ithe ‘sedoind 
moisture, and contamination: by :heating and -centri 
specimens were then immersed in the originabiand clea: samples; 
origittabthe:steel rusted severely within -24 hours; while:that:immersed sin the 
cleaned oil. showed absolisteljité ittdications of rust orcortosion: The-corrosion 
products.on the rusted specimen were itdentified as black oxide of irdn.::i Now 
it appeared we were approaching an answer toithe: an: the cause) of 
the rusting was obvious. orl? iw ber NO 10 21 31 
.lio ont oi bondi fidgid 
Meanwhile, we been some: - solvent-refined oils; 
using a rusting test which we had devised. is test, an outline of which 
is the forertinirier’ of the! Fest*D 665-44T, the basic 
stil} being-used.:/ oil was placed imavtall-form 
eet-up,on a stirring device ac dating six:samples: | Sti 
was started.and a flat polished steel specimen was then suspended the! oi 
Afteri40 minutes stirring, 1pericentiof distilled water' was:added:and  stirri 
continued:daily for 8:hoursiat xobm: temperature with an overnight shutd 
pesiodydar a:total time of days. |Spécimens were then removed and observed: 
that solvent-refined and highly refined: oils:appedred: to 
be those dilowing ‘rust ‘to: form when ywater was present: wdsas! if isome: 
thing had been‘ removed from: oils; perhaps natural wetting ‘or inhibiting 
canstituents.:| If-s0, we had been stated: by some refiners 
using solvent refining, these constituents would » still) be vpreserit in 
conventionally oils’ of| the» Pennsylvania; id-Continent,: and: Coastal 
natardllythen;:such dilsswopld: not allow:musting.2 
- This: eeasobing) was. dispreved early oun: investigations: covering ‘tests 
over 100.0n various oils :and) combinations thereof, and: including 
practically’ all,ofithe turbine ‘Thus, early: im.1939, 
we reached: the conclusiom that»many highly refined oils, irrespective oftheir 
base. dti method: (conducive to rusting 
water: : With évidence) wé-started to corntact:the refiners an 
yourr‘fsterys ods 10 000 lo 36 yino enrol sbixo eidt 101 
-dgtas visvinitsb esw. sd? ni need teuen ti 
As an example of results obtained. a few typical results are given in ‘Bablesi; 
fi in to either “make ‘ot brea” itp so 


of sidsau oW -onini! 
3 Conventional Rusted badly) 
4 32.0 Conventional - _ Rusted badly* 
loGesiv ni i blot oda oiRusbédybadly 
at yawbdd Sioum Conventional; jon bib 


11 * Stated! toibe a: 100 per cont “2291 o3 borgiesb doidw 


tieoq ni od ow tsd3 bovoiled eaw 
id-<Contivent oil. wo ni bib sw isd? owe bas 


i 
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oil are the same ¢ 


specifications. They desired to see what he oi 

would. do. conficmed the not yet essentially 

checks resuits. | 

Again. oil, No. 2, which. showed. no made crude 
refinery on. an additional sample, purchased purchased: time 


al of- il, fect of the 
‘On; ‘ny the supplier oil furnis! 


which allowed an did, not. allow rust 
‘neutralization, and. demulsibility indicative a 


Rustia 


ping. investigations, it was, ‘determined. that 


‘stable oils build up immunity, hey age ow: 
would pass a rusting test, 


Also, i 
through the addition.of used- oil, or-by. headin nonrusting 
addition of small amounts @ fatty, acids, en the addition of 


$ company they had guececded. in 


‘ditions existed. ahd.contiaued.to press the-refiners fora solution to 
Weave aot refners but bad presented the foundation for thei. 


We: like to, point out. ene, further. this: rusting problem, 
one having to do with marine apparatus, showing that rusting was. net, con- 
to lighter oils, and which we believe was, most instrumental in securing 
the Navy’ s interest.in the problem. -The.company. 
gtade\ turbine. test oil for shop testingon,.marine reduc 
Early 1938, in . testing, marine of we were obliged use 
@pproved (Navy. 2190) oil oil. has.ia, viscosity..of 185-205 
at 130F. On.aspecial so-called “‘full-power”’ test, severe 
tered runs. The.oil used was that currently 


by the Navy.. A competitive approved, oil was tried, with, ao improvement 
and finally a second.competitive oil, again with, no, improvement, in fact the 
Macc that it is believed am outline-of the conditions 


of interest, ;. 
last the fagt.that the-refner, whose 
been had stated their ‘‘oil has not rusted on.other hoe a ad 


ral 
purposes) would eliminate rusting. Commercial polar, compounds, im 
inhibitive properties. However, in all these cases ,of, additions,, the, other 
extent, 
nt 


and whi, in addition, offered the services of t aid in 
solving our difficulties. This engineer “he the test, the 
schedule for which folléws: &. a 
Oct: 4. A black gritty deposit noted on back fates of Nee 
‘as all parts had been pickled. Perhaps the rust was" to ‘acid oil. 


Oil washed with neutral distilled water; however, no’ chlorides or sulphates 
detected and a pH of 6.8 found. 
'Sample of oil removed from ‘system,’ Water content 0:50’ but! no 
‘atidity; pH 6.85. Finely divided bigck iron oxide: present in thé satnple. 
‘Was this dué’to an ‘improperly cleanéd' system? Oil removed, 
10. replated. ‘Water removed by centrifuge showed pH of’ 6:75. 
Rusting again increasing. “pass cen ew 
‘Oct: 18. Conditions bad unit' had to be dismani 
deposits over everything. Thrust-bearing shoe blocks ‘Severéty? attacked. 


to deposits identical to that found ja, the, oll tober 5, and in every wa similar 
its leposits resulting from laboratory tests. 


PROVING” THE PROBLEM TO THE REFINER...) 
The refiner's Fepresentative, who witnessed all operations, thatithe 
conditions existifig very definitely indicated that rusting had immediately 
proceeded during the padied Grom, September 12 to October 4. It was)then 
decided to clean up the entire system, flush with used turbine test oil which 
had a fusting test, with the hope of providing an inhibitive coating 
onthe parts. Then it.was planned to/rerun with a new charge of: the same 
typeiof Navy oil. We had meanwhile examined eleven of the then available 
approved Navy oils and found that allexcept one failed to pass the rusting 
test. The one which did pass, unfortunately, was not immediately available. 
In‘view of the emergency, it was deemed unwise to take any further chahces. 
‘Thus; ‘in order to complete this'important test program, with Navy perimis- 
sion, ‘we procured 1 ott made specially for us from stock which had passed a 
Hoven test, and ¢ .rried the test to a successful conclusion. This oi! was not 
‘approved: it simply had the required viscosity characteristics, ‘but 
probably would the Na work-factor 
ter, a supply avy approv: | passing rustin 
tired and used ‘on ‘all subsequent tests with'no further rustin g, tent was 
‘an inhibited oil and is seill being. used. No further difficulties have 
been experienced to this date. let 
In shop tests where a’light 150-sec: ia beet 
enced with; we believe, twolexceptions. This is due to the fact that such tests 
are getierally on “‘ased’’ oil which does not allow rusting. ‘Laboratory 
tests, however, have ted these oils in their = state are 
sometimes passing and at other times not ing the rusting test. 
were taken some time ago to have our. suppliers an,inhibitor to forestall 
any rusting should’a new batch of oil be ised. New oil probably caused the 
rustin mentioned. The same ‘conditions: apply to our heavier 


a regule of this procedure, we Ihave for the past 6 years been entirely 
free from rusting difficulties in our shops from: these two sources. 

‘Later; rusting was étperienced in our*niachine tools*where highly 
Olle Were-used and, as a result, we insisted that'all such oils should inhibited. 
Further troubles were eliminated, and all lls for:this purpose must naw 
pass @ rusting test. 

“The author's’ Company “at! that’ time: bulletin: 
turbines, one section of which dealt with tubrication. With our in tions 
pointing to the cause’ of rusting in the field, certain’stop-gap recommendations 

were issued: These included addition of an old oil to oil, and also 
ested that i in the case of a new turbine installation, old oil from an existing 
should be used in the néw unit and that the‘new? oil be placed inthe 


4 
” 


tions. While these suggestions were known to prevent rusting in the field, field it 
was also realized the practices would tend to deterjorate the new oil qui 
rapidly, but in’the emergency it 4 ted to be the most’ feasible’ solution. 

ese recommendations were withe wn as soon as it was d actin oe that 
satisfactory oils would be available from, the tefiners.’ 


Work OF A:S.T.M: on Tuam Ons,’ 


We would now like call attention to at M. 
Committee °C of D-2, which was organized A Subcommittee 
Turbine, Oils had functioned for some years, but was discontinued in 19. 
when “there did not appear to be any additional work that shouldbe uc 
taken by the subcommittee.” In January, 1939, the author’s compan taco: 
mended to the American Sotiety for Testing Materials that a flew tibconi- 
mittee on Turbine Oils be established, and in June of that an ment 
was reached to form’ sich a subcommittee, that ‘Technical 
Committee C was formally organized in 

Two sections. were: instituted, Section Systems and 
Section IL‘on Tests; the latter with the author as 
refiner, user, and builder representative membership. The U.S. Navy 
neering Experimental Station is also nted. 

“At the March, 1940, meeting, a review, of available of 'rust- 
was undertaken, and arrangements were made for’ the co-operative testing 
six oil samples. ‘The review indicated only two or three methods of test. “In 
June, 1940, the first test results were submitted. E co-operating laboratory 
repo! : all were in substantial agreement, and al submit ed photographs 
of their test specimens. Figure 2 illustrates results of the author’s company 

At this meeting, it was agreed to conduct future tests at elevated tempera- 
tures in order to'simulate ‘turbine-oil temperatures. During the next year, 
additional co-operative test’ work was carried'on, and in October, 1940, 
results appeared to indicate that the test developed by the author's company 
had the most possibilities All through the activities of theisection, most 
substantial ent ensued and in Youu 1941, it was decided to publish 
the so-called /Westinghouse: test-for informative’ the! modifications 
to includewunning at 140 F.for'48 hours, instea of the 8-hour periods 
at room temperature, and widh 10 per cent water added instead of f percent. — 

STANDARD TESTS DEVELOPED. i 

In Janey: 1942, additional co-operative tests resulted AN such close 
agreement that it was voted to recommend the Petar cg A of the meth 
to the society as a tentative standard. As an example of this close 
on the part “of the ¢o-operatora; ‘a resules is! chown in’ Pable The 
descriptions under each oil‘are the’ co-operator’s 


TABLE 3. OF RUSTING TESTS ON Turbine Otis BY 


Severe... Fewspots' “None . Heavy Few spots. 1 Nose 
Severe. Traces None © Traces one 
D Severe: Few spots. ..None Traces None 
Severe | Fewspots,, None»; Severe Slight None 
Severe: Light None. Heavy ‘Light None 
Severe . Few spots. None races None 
Severe. Very light None. .. Severe, Slight None 
I Slight’ None. » Severe. Light.’ |. Nome 
Severe, » Slight. Slight.) «| -iNone 
Severe Slight... Severe. Light tao None 

Severe Slight None. Severe» Light) 1, 


oil, permi vi 

volume in new corrosive oil. 
16 Navy type: Severe anating experienced 

yy, type oil. Occasional rusting experien 

2190 Navy. type oil, Fusting experienced: in three years, 


1942, the method was adopted as a tentative standard (D 
lans_ were, made. to continue co-operative tests,and to investigate. 
me of sound specimens. The committee had been. organized exactly 
years,.and its membership was by the secretary of D-2 on. 
progress made, ,/t was further stated that the “discovery”’..of. the rus 
together with, the of a test, was an importan 
tribution. to the petroleum industry, 
cont June,, 1943, with Ap. additional. year co-operative effort, with round 
specimens, a further revision. of, the meth was contemplated. This was to 
include the use of round specimens ing some minor changes in procedure, yet. 
basically the, original test was retained. Again,.as an indication of the close 
ment. between the several. laboratories, Table. 4 gives some. results, 


nisl 

eda 


Heavy Slight 
Light 

“2190 Navy Severe us ting experienced in service. 


2190. Navy type oil. No rusting experienced in 3 years 


Merson Revisev ror Aprrovat. 

‘In Jute, (D'665=44T) to provide for the 
%-inch round method involves stirring a mixture’ 
300 mi. of the oil under ‘test“with 30 mi. of distilled water at 
1000 Rpmicand at a tempetature of 140 P.jowith»a round»steel specimen 
immersed therein.’ After 48 ‘hours contact withthe the 
specimen is examined to determine whether or:not it-has rusted: 
°°N6 doubt the method will be recommended forjadvance to'standard in 4047. 
Meanwhile a possible reduction in testing time from:48 hours:to 24 hours is to 
be irivestigated:: Increased) testing ratures-are also “investigated. 
The’section wilt'also undertake setting up a sést sea ‘water 

tobe used in tésting for: use aboard ships. 
oP his is the first time -the author’ s-comipany has’ licly dita on 
this“most important question of rusting, alth iit. required considerable 
restraint not to'do'so, especially in the early years, for the problem of élimi- 
na rust was’ serious’dnd the results of the investigation most unusual 


te 


We desire: acknowledge the helpful! suggestions of 
Chief ‘West’ Perin Power Company,’ during’ the''ear 
investigations.” To the niémbers, for! their’ 
and’ understanding 'in' making the work'of thé section ‘a sutcess! we 
our thanks, Finally we thank oar refiner friends’ who kindty to 
our stories‘and'who when “saw the light” did’ something about it: 


tely taking hold’of the problem they ii a very short whi 

nt-day turbine oils are ‘not ‘only improve 


ENGINEERING. LESSONS, AND GAINS: RECENT YEARS.* 


‘The recent period of engineering activity: under altered dbjectives has 
givem engineers 4 vast fund, of detailed, know:+ that; will valuable in 
unsuspected ways far years to comé 


of those grim lave in. August 4 4042 ding, ves up.on, 
wanda af Guadalcanal a en began pi 4p onthe 


cases, which, upon being fished, out ‘be, quickly setup to 
provide vital communication, for the; | metal, capes of 
three of these radio sets were punctured by eae stra ng, sc. they p 
sank. But, they were, not, given for last, Because sl sigh bit,of ,equip- 
ment was desperately needed, the maines, retrieyed Ses. 
After. the salt water. was e mptied inthe bottom 
fresh-water creek for sever: 

re placed over,a slow fire under. ied: sets, were 
in operation and. worked sati 

ful 


Fhe ze, one,.of the ordnance 


ments, whi shell. would, 


target,,contained thimble-size radio. tubes, tha ‘bad to 


accelerations of; 10,000. times, gravity, gontained ,a 
turbine. generator the size. of a..man’s fist tha: 


velocity;.turned, at, a. constant, 
To bring the control gy up, i 
er-special. motor.. jit, | never, a, 
in which, brief time it had to the inertia from 

22 peak horsepower, To achieve 


Current,densities in the armature, 
square inch and nearly that in would ave 


are but;three ousands, of like 
in: their. own, but, ing af inges 
performance, and. cast+-especially cost. onset of 

placed, by a new combination. of, abjectives: ‘i 
ability, to operate at high altitudes,.in extreme imgreat: and 
humidity; to,withstand shock and 
OF both; be-both small, and. mela: and be be tran: 

handling. to;,the ends. of Life became a, 

hours, or even a second, eameat tae a t. 
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bring along a body of new information,*bought at high price and under tre- 
mendous pressure, but a portion of it useful in the syaingering ahead, Dhey 
It too, early..to the true value o lessons; 
is knowledge wi Ww up in apparatus for many years to come.| However, 
a variety, of, Case examples, show ‘the .nature of. the 
Protection. for, ‘‘Tin Fish,’’—Electric torpedoes became; the. business. of 
transformer ns, Not the least of; their, problems: was, how. to, pro 
the thin steel shell of the torpedo body (conventional. torpedoes have th: 
walls) from the corrosive action of sulphuric acid on the inside and salt water 
on the outside. “Insulation” against these vigorous corrosion agents came, 
surprisingly from a highly specialized insulation. 
, The materials engineer in charge, a man with chemical training and e 
irical resbanch? experience, contemplated the highly resistive qualities rec Sted 
for both acid) and salt water. his he found well 
with’ those: of ‘high- electrical varnish (Thermoset). steel torpedo 
shell. was ‘Parkerized, given’ but a‘single dipin varnish of: the ‘same sort: used 
in transformers, and baked.' The result was a treatment that: gave, in ‘one 
operation, Corrosion protection to both the inside and outside—and at low 
st anid’ slight’ expenditure’ of labor aiid’ tife: ‘Furthermore, ‘the ‘baked 
surface’ “was ‘Yematkably ‘abrasion-resistant, 4° ‘desirable 
attribute, ‘considering the tough handling to which a is' subjected. 
Theultra-protection of ‘the “armor” coat was indicated ‘whén''a torpédo was 
Out’ of the'sea after nine mionths’ immersion and found'to be in perfect 
condition. OF fli ; Mis i 
“'Protéction for Black-Oxide Treated Paris.—Corrosion protection for splines 
and’ geaif's Sometimes’ presents ‘a special problem in that whatever is done to 
the surfaces mitist not chaiige the’ overall dimensions. ‘Hence plating’ is taboo 
use thickness aiid ' would’ wear’ off because it is relatively 
t. A-deésigner of electrical apparatus for aircraft was posed with’ the problem 
of how to remove oxidizing salts from smal! recésses of steel parts subjected 
t6‘black-oxide ‘treatment: “A “bath in chromic acid ‘was tried. ‘This worked 
well ‘more important, it: was’ discovered’ that 'the' ‘oxidized parts 
thus washed ‘withstood ‘the standard’salt-spray test several times longer than 
This ‘was’ not too surprising as ‘chromates are well-known ‘corrosion 
libitors: "The chromate; however, is hot permanent, as continued exposure 
moves it. It séémied that if some protection could be given the 
perhaps it! would” be ‘more permanent: The ‘chrortiate- 
nitrided ‘parts were thefi‘trégted with one of the wellknown corrosion 
$ were thereupon able 'to undergo’ the salt spray ours ‘of tw 
for A ‘test’ at yom was stopped 
after S0'days, as-it on indefinitely without appeararice 
Cathodic Protection for Water Tanks.~“The life of the usual galvanized-stee! 
electric waterheater in tly influenced ‘by the’ character of the'focal 
Some 20 years’ can ‘ordinarily! be'expected’ from’ a properly 
anized’ steel’ tank, whieh ‘is' by ‘all odds ‘the’ most economical tank we 
struction’ how available: few areds—curiously enough’ these are the 
afeas in whith the’ watér is soft rather than hard—galvanized tanks corroidé 
‘small fraction 20 yeats. Sometimes 4 ‘water tank in nd 
side of ‘the’ street lasts indefinitely,”whiereas ‘across the street, served by ‘a 
erent’ water'system, a ‘tank failsin' two or thrée years, The difference 
s ‘to lie in thé lack ‘of lime’ or' carbotiates ‘in the water, which partially 
tects the tatik walt. - Corrosion is largely the result of el 
Inasmuch’ as ‘corrosion ‘cannot -be eliminated; at least’ the attack can ‘be 
results, have been obtained experimentally by the, fairly simple expedient.of 
uspendi the tank a maghesium-alloy electrode electrically grounded 
to the tank Galvanic currents are such that ions flow away from the thag-. 


nesium electrode: instead of tank ‘wall, ..thus. 


i 
j 
: 
2 
troying Magnesium 


of the Normandie, waa in. this manner. 


ofthe gine, .When’ the magnesium, electrode. is well disintegrated. it 
readily replaces by. afew 200 doode | 
Manner inci 


ple-of 
cathodic protection, long applied to pipe lines,, water 
nts. 


operating ificant. periods of time at.altitudesabove,30,000 feets the life of 
diminished to. a few the substratesphere org thin 

at ide film normally present on the commutator surface at ground level 
is lost. , This oxide film.acts as,a lubricant brush face. ithout 
tarhone ride on raw.co)per, and are quickly ground to dust at theihigh speeds 
at which aircraft generators turn, Also, the absence of the;film decreases the 
brush-contact resistan.e, which has an adverse effecton, the electrical: chat: 
acteristics of the generator. The high temperatures at which commutators 
operate nullify, conyen tional methods of Jubrications: 30) boat 

, Ammer with: this information, research i 


for certain othet non-aircraf where commiting tions are 


with Molten: Metal. «big it campaign 
against \corrosion..is. the ,molten-mey of radio- 
communication equipments have beea ig which. ; 
steel was first shot-blasted,and. then, molten.zine....... 

cone method is being applied regularly, to. the protection of shunt sors 

the handling during. installation often. scores, the ig. the AY 
early It.is-being applied also.ta 
and may be extended to. other communicatign.eq tain sets, 
and broadcasting equipments,located)in certain 
tection’ will -be useful for other papers that,must be sub} to corrosive 
atmosphere such ;as. salt, air. that: the upper structure 


Particular merit.of the metal-spray.idea is, that the coat.cas 


can 
thick as desired, whereas, ..with the zinc 48,,more 
thickness: (By molten-metal . spray 


becausé of the more favorable relationship of in 


series—oxidation of steel, being in part.a..galvanic 
mietal requires no time to dry.w. conventional 
both, furnace equipment and time. ‘coating complete ana 


Protection from Shock—> ndoub dly, more has been. 
half dozen years about the effect.of shock.on apparatus in. any. previo 
two decades. Mostly this is because; so.much equipment h subjec 


engineers 
focused on the: which inevitably, toa more 
concentrated approach. to the solution,,..Hor exam redevelop methods of; 
shock tests and specific shock: ade loped,. which. 
comparison of shock-test results 
_ Until the recent emergency period there on no peed method of 


shock testing. or machines for shock tests.,,As the 
of shock machines were, developed. The a 


were shock stands equipped with. a, re cul 
dro six feet giving an 18,000 re vate 
were: have been, 


‘ This is on-the commutators. of, aircraft. generators. . When airplanes be 
agit 18, Worm. away... is, anim pregnation 
he brushes with certai halide compounds. which work tothe: carbon surface 
be made as 
mils, have 
ed 
Des 


elevtrical mvanifacturers and ‘in two of the Navy's la 
shock machines was one developed for the testing 
instruments.:' Phete various «machines make it possible variety of 
— and the throughout ‘the industry: 

uipment built to resist generally more ‘anadaaion’ than’ ca 
that has: to endure only normal “hence it'is not logical to that 


construc: vise on ‘shipboard, it'wass: 
that mountings of cast aluminum were quite superior because of ‘their 
Characteristies.. ‘Electronic devices. genérally will be iniproved 
because of the for protecting'them against shock, It'is now' possible to 
tect ‘large tubes atid to-isdlate Contactors: that ‘cause Vibration, ‘tsing 
laters of ‘various ‘types such as springs and damping pads . This knowledge 
ll of benefi€'in building radio equipment for Stratovision.: 


‘broadcasting, train Stratovision, and radar, as well as 
tae vadutiin ttibes for the ‘frequencies used in induction and dielectric heating: 
“Shock Les Lessons from Miniature Lamps.—Miniature of the 6-, 12-, and 


stich as ‘tanks; jeeps, and ‘airplanes. © Characteristic'of all this service was 
nt fragile parts. As'one might t during 
tof the war ‘the record of lamps applied to tank service was discouraging. 
the Tife‘was’ teastrable' not i hours but in ‘miles, frequentlysfifty miles 
‘Being’ the absolute maximum “life. As experience ‘accumulated; general 
improvement ‘i sho¢ek and vibration resistance was achieved with miniature 
famps' which will be'of ‘benefit: to: this ‘type of lamp generally.” 
“Perhaps even thiore important, however, was the focussing of sbtdntiba by: 
nanufactu rers’of all lamps'in’ onthe problem? With this inéed 
‘ e attack oii the better understanding and coordination 
3 shoék testitig and the ‘effectof rough service of small lamps.» Out of this 
will inevitably come ‘an improved construction for all t of 
such as those oa on aircraft, Diesel trucks,and-railroa 
‘Netber, Better Lig -—Numierous lamps-developed orposes 
recént ‘rt years! Will have almost ‘direct carry-over, One of 
favilar of miniature lamps-that for aiding pilots downed at 
pwrecked ‘have: air appeal to every: motorist. 'so- 
called ‘sea-resctte ‘lamp, developed for operation from a. hand-turnéd generator, 
provided’ long-ran: beam to attract searching’ parties. The aismall 
walnutsize ‘Bulb’ with’ ah” interna? ‘siivered and |precision-located 
filament. This combiriation®: provides ‘strong? beam’ of nearly 


ndlépower. 
basis for an’ alitomobile or' trouble light located:on ‘the end of an 
extension. Cord ‘that the Cigarette-lighter outlet onthe instrument 
‘canbe wsed for undef-the-hood 
| for changing a spare tite, or reading a road sign or house 
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: rugged! switching’ devites don’t ‘necessarily stand’ up against! shock ‘resistalice 
| 
: haye virtually the same. coefficient of heat expansion as glass, provides as 
welfa8'an Substantial improvement in the ruggedness: of tubes. 
featherededge types of metal-to-glass seals that had 
ig heen by the industry, Kovat-can be applied im thicker sections, 
dn attachinent niuch more rigid and shock resistant. Thissealing 


Aor, an. emergency, signal in case, of\an 
its seven watts energy, 80 


vapor lamps are in new forms and sizés tor ravic 
a better answer to of lighting areas, 
Ost recent of this growing wh of ch alte -e ciency 
about . 


size shapé ‘a’ folintain ‘pen,’ provides Conte’ 
source’ for’ factories, particiilarly’ t ose with ‘high’ lamp 
continue to serve its bck ne purpose, but in addition it appears té have 
in photochemical processes where the, reactions are expedited or 
by ultraviolet and ‘visible-light F253 
GENERAL CHANGES IN ENGINEBRING, 
Whether the ‘good old days” were really. goodior just,seerm a-distance 
le always an open question.. In either case;|ito crave thein-returm is) 
wishfui thinking. is is fully as true in engineering as ‘in tetas other 
Although engineering has resumed its more mormal acti it is by,no 
means the samé as before the interruption. “The last 


marks. on -the hot so good—hi 
inyway, marks, Thefe are many su f them vague 
intangible, one, feels that is without being a! 
to cite specific evidence: 
_ numerous plants engineers became much better, with fact 
men and methods. And vice versa. With production ourit, the | 
model-shop, pilot-plant steps, by which difficulties of large-scale manufacture 
are avoided, had to be si e-tracked or telescoped. Every difficulty with a 
new —or for that matter, with an old onewith ‘material substit 
tion, or from any one of a score of other sources, required ‘instant ‘attenti 
by the design engineers involved: This: urgent necessity resul 
in many more personal'contacts between design and«production depareaneits 
instead of the usual indirect. routines. Frequently -design-factory ‘liaison 
engineers were placed: in ‘the ‘sh The outcome ‘hasbeen a» better 
understanding by technical men of shop: problems,‘methods, and men: Like- 
wise production people have an appreciation for:thetinitial. créative phases’ of 
and machines. This interchange large’ intangible benefit in 
Oritical of the ‘Acce great iptedeure of! 
rates ‘had ‘another inci il good. It forced examination:of many 
honored ideas and methods, sometimes with astonishing results: ey only 
Ited. in ific benefits.but also taught the wale. 
crit examination of the conventi be po 


haye to. come from the 
uction engineers to re-examine every step man ture 
ways of increasing output. The traditional me thod of sealing, 


and, mold spores, and a consequent reduction in, foed spoilage. 
addition, the ozone produced in the cabinet’s air, destroys, bearing. vapors. 

Construction of the refrigerator Sterilamp a of theconyentional 
Sterilamp was not practicable with reasonable efficiency. Engineers, casti ; 
about for a suitable battericidal lamp for refrigerator service, took, note of the 

at 
tab 
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was'in' horizontal lathes. This resulted from the’ fact that the men’ who 
performed these sealing operations had been ‘machinists before the skyrocket 
rise of ‘electronics. ‘They brought ‘with them, naturally, their previous expéri- 
‘ence ‘which' was ‘with horizontal lathes. ' One harassed production engineer, 
however, considered that time and space might be saved’ by using vertical 
machines. ‘For ‘trial somé old drill presses were found' and the chucks rear- 
ranged-so that the portion of the tubes were held‘in the upper member 
and rotated around 4‘ vertical ‘axis during the fastening operation to the 
metal member held on the fixed bed below. 
_, The results were astonishing. ‘The vertical machines occupied only a fracti 
of the s of the horizontal ‘ones. Furthermore, gravity now worked in 
of ‘the’ joining instead of, as in the ho tal machines, 
attempting to distort the seal. These and other advantages brought abo 
an eight-fold improvement in electronic-tube production from the give 
working area. he idea has been so beneficial that it has been genera 
sacpeed for manufacture of all types of large tubes such as those for X-rays, 
radar high-frequency. heating, F-M and A-M broadcasting. eke 
Such-experiences have taught. engineers in many plants that.there is nothi 
ed about. ways of doing thi because they have been long 
This is,indeed a wholesome attitude and for a time will have many engineering 
and :product.benefits... 
Design ‘and’ production: engi find themselves equipped with machines 
and test setups that normally: would not have been svallable. These result 
from the need for such vast quantities of products that literally demanded 
machines, tools, and setups. “In ‘the normal course of events many of these 
machines couldn't be justified but: now that plants have’them they will be 
put to good account. result is more accurate devices produced at less total 
diffusion of technical knowledge that comes as a by 
of conditions of recent years acts as an accelerator for many lines o' evelop- 
ment. ‘The freer interchange of knowledge, the mecessity for standardizati 
of mountings, physical dimensions, etc., the more frequent contacts of i- 
nicians and with other plants are positive gains. As a single example, the 
importance of vibration and machine design is now much more extensively 
appreciated, as is indicated by the fact that electronic machines for producing 
continuous vibration for test are now being sold in. numbers. Ten years ago 


vibration-test programs were rare, 


_, Greater Responsibility for Engineers.—Design engineers in many plants find 
themselves with more responsibilities than when they last produced the normal 
kind. of. things., .In general, drawings.are much more elaborate, much more 
detailed and more numerous. There are many reasons for this. Apparatus, 
particularly in, the,electronic and control field, is becoming much more com- 
plex.., Also,.during -the. years..of large quantity ‘ordnance. production 
e with, limited shop experience had brought into production organi- 
zations. Also, the greater,use.of incentive systems, and greater segregation of 
time rates.require that’ less freedom, of discretion be given the production 
worker, Processes, dimensions, treatments, and assembly me’ Ss must be 
ified in more detail. -All this can hardly be counted on the plus side of 
he, engineering ledger but.is.e fact to be reckoned within many lines of tech- 
Also, ‘hardly to be counted an advantage is the’ fact that’ engineers had ‘a 
tendency when the emphasis was on production'to lose their cost conscicusness. 
This is particularly true because many young engineers have come into ni- 
zations’ who have had little or no 9 Soe with the ‘normal ‘ways of doing 
things'where expense is a major consideration. This return toa keen awareness 
of cost® considerations in design is made ‘the ‘more difficult because of the 
natural and commendable trait of engineers to like to do the best possible job, 
which frequently of course is not always compatible with practical considera- 
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of ‘materials that plagued engineers war took 
a turn at the end of hostilities: Some ‘materials that ‘had been scarce 
lentiful and others that had been réasonably plentiful became difficult 
to or a Jong’time aluminum was'atmiong the most scarce’ of war-needed 
materials but with the sudden décline in’ aircraft’ manufacture’ alominum 
became relatively plentiful, — its place on: ‘the shortage list in certain types 
and shapes’ was occupied by steel. a 
Problems ‘of ‘Steel. the middle and‘ latter “of 1946, engi 
found it increasingly necessary to reduce their usage’ of steel, ates 
the production line in action. Engineers have displayed the same Brcko 
evidenced during the emergency in these matters of substitt.tion. A study of 
the electric range disclosed that it would be possible'to make’ 27 substitutions 
of aluminum for steel, eliminating ‘a ‘total’ of 38" pounds of steel per unit. 
Aluminum can be substituted in many places where strength is nota ‘considera- 
tion, such as for baffles, traps, and others \on-load-beating parts. 
resulted in any compromise with quality’ and some’ were definitely advan- 
tageous. 
~The cover or exposed’ upper 
minum, with definite tage The new aluminum: surface’ There’ less 
finishing time and a few ounces are cut from the iron’s weight.’ re is no 
chrome, surface subject to injury, and rejects -are reduced. 
Even cast iron, has at times become strangely short. In one product 
requiring about 65 pounds of mass for a balancing function the customary 
t iron could no Jo be obtained. Asa thick sections 
a boiler plate were bolted together, ‘This change ike to be not only an 
actual economy but also was easier for workmen to 
Because steel rivets became difficult, to obtain, aluminum rivets have been 
substituted in some cases where shock isnot encountered. | In certain lighting 
fixtures aircraft-type aluminum rivets have been used for screws. 
Control wires with coverings of different colors sim 
lately it has not always been possible to secure wire in a 
upon, it became necessary to devise a means for coloring the available wire . 
inasmuch as the white cotton-covered wire is more readily available. On 
short wires this was done b = or bya 
short piece of colored insulating tubing over the cotton 
and where space factor was a problem, the wires were basaed or rd 
When the supply of sapphire scat ot rom tzer became strangled in 
1941, engineers turned again as they had 
for instruments, which not only were lute: indispensable but were 
demanded in may times larger quantities than ever yey On this occasion, 
experiments with glass jewels have proved more successful, so'much so that 
they will unquestionably live for certain applications. Glass is not as hard 
as sapphire, and, therefore, wear and friction of a steel pivot and glass cup 
are less than with the steel pivot and sapphire. Up toa certain point of stress, 
the glass is superior, but beyond that. the sepphice 4 is still preferred. 
ter. 
Better Grids for Tubes——A permanent impepyement, in electronic tubes 


greater conceatration of cathode power. It was platinum 

would be ideal in some respects, inasmuch as it has a high work function 
(Le., it does not tend to give off electrons even when hot). However, platinum 
softens and weakens mechanically when high temperatures are reached. The 
problem was solved by making grids out of molybdenum wire coated with 
platinum, The moly retains its strength at high temperatures and serves to 


| 
neers tO seek afi alteinate imateria OF USE a Wires 
tubes. This was a particularly stubborn problem inasmuch as tubes were 5 
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support the platinum, This. combination has another:advantage, as platinum 
as the fortunate, Property of absorbing the thorium given,off by the cathodes 
uring operation, .. Without this property, thorium would,accumulate on. 
surfaces and. greatly. lessen, the tubes’, capacity to 
construction, which began as a substitute measure, has proyed successful and 
will be extended, to commercial tubes such as tetrodes for F-M broadcasting, 
_., Bushings. without Shellac,—Shortage ot shellac: has, resulted , major 
improvement in condenser rome The new. construction requires only a 
small, amount: of shellac and therefore permitted uninterrupted production of 
badly, needed -high-voltage bushings and at the. same time. released la 
quantities. of. sh for other uses. The new bushing is superior electri 
and has entirely, replaced the, previous construction in the high-voltage class, 
Lhe new,condenser bushing consists, as before, of layers of high-grade paper, 
wound under tension on the copper.conductor, which is a copper tube, or stuc 
In, accordance. with well-known condenser-bushing principles, sheets. of me: 
foil are inserted at intervals...Except for an adhesive. to bind,the first turn 
of paper to the conductor, the. paper is wound dry, with no binder between 
layers, as in modern transformer practice. There is, likewise, no subsequent 
varnish treatment of the insulator surface to interfere with oil penetration. 
After the winding had been made in this manner—usual except for the absence 
of the shellac between layers and the fina Ivarnishing—and is machined. to 
proper dimensions, the structure is placed in its porcelain housing. In the 
new. bushing, the ‘condenser is completely enclosed by upper’ and lower 
porcelains connected at midsection by a ‘steel sleeve. ‘Thus the condenser 
projecting down into the tank is encased in porcelain as is the upperend. 
“In this bushing the mechanical and electrical functions have entirely 
separated. “The condénser no longer assumes any of’the mechanical load: 
stresses are carried by the porcelain in compression. Completed*bushings of 
this design” beéén’ stibjected’ to’ severe ‘shock and vibration tests’ with 
fésults that ptoved the porcelain and*stee! structure to’ be’entirely adequate. 
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The annual banguet of the Society, was-held,at the Statler. Hotel 
in, Washington, Eriday,, April, The, occasion .was |out; 
standing in ;eyery pagticylar, and, thoroughly enjoyed ..by;.all 
pbre-astanged: speeches weren 
ships inthe Pacific” by. 
and, ‘Engineering. Horizons”. by Dr, Charles.F. "Kettering,.. Vice 
President, of ,.General’ Motors, addition, Hon, 
James Forrestal, Secretarypof the, Navy,gave an.extemporaneous 
talk. All, these: were, intensely; interesting, andy were enthusiastically 
received. two. principal, speeches, are, given, in, full, 
“SURFACE ENGAGEMENTS IN THE PACIFIC" 


One of the biggest mistakes the Japanese tiiade int this lastwar 
was that of inderestimating "American combat ability? 
the battle of Empress "A ugusta’ Bay, in the! 
of! our light byvone squadron destzoyers, 
had the mission‘of preventing’ the Japanese intér fering’ with 
the landing of bar Marines on ‘Bougainville. Japanese had‘ 4 
powerful’ force ‘composed of heavy cruisers, light cruisers, ‘and 
destroyers to do that interfering. One division 6P Little 
Beavers in the yan of.our force;made contact’ withthe Jap power- 
house about: one “im the morning, drove-in at oncetat ‘high 
speed—auntil- we ‘could see the column. 
The orange flames.on two of their. sinking.\ships!'woke up’ the 
Japs—and, all hell -broke loose, when cruisers, opened: tip. 
The. Japs, fought back—and. they! fought) hack -hatd---but | after 
several hours, they; retitedin, confusion-+to. their: base ;Rabaul 
they forgot,about our; MerinesiodT betiinilay ot 
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The Japanese high command could not understand why Admiral 
Amori had not defeated an inferior force—and they relieved 
Admiral Amori of. his!command.' The: Jap high command was 
not there—but Admiral Amori, and every Jap sailor in that battle, 
damned well knew why they had failed—they had run up against 
our “old Navy tradition”, ~~ 

‘The ‘Navy has perhaps’been criticized for adheting to its Naval 
traditions.’ The Navy does: revere its traditions, for’ they’ were 
fashioned ‘by ‘the valor of ‘our predecéssors. We ‘honor’ those 
gallant Naval heroes of American history who, by their fighting 
spirit and unselfish devotion to’ duty; helped in gaining and main- 
taining the independence’ of the United’ States.: The most impres- 
sive sentence in any citation is, “His conduct was'in keeping with 
the highest traditions of the United States Naval Service”. 
traditions réepresetit the principles of Ameticanism® for which our 
ancestors ‘fought. They represent ‘the spirit’ of self-sacrifice, of 
willing cooperation and thutual support. ‘They were’ built on com: 
bat ability, relentless courage, leadership 
and guts.) 

As a combat organization we are our traditions, 
Our Naval traditions were born in the Revolutidn—when John Paul 
Jones preached independence with the eloquence of a man-of-war’s 
guns. He. demonstrated. the. effectiveness, of carrying the war into 
the enemy’s back yard, He started the tradition of bold, aggressive 
action, , The, gallant sailors the..famous.actions of the War) of 
1812. gave, following.generations of, American, sailors the heritage 
of, audacity.and enthusiasm. for battle. They, brought. out forcibly 
that, well, trained ships, well equipped and manned by bold crews 
greatest odds, yyutizob 

old traditions of personal courage, cheerful: acceptance of ‘great 
traditions: to the list.» @ 

World War she’ init new’ Enipire 
quickly, and it: was not’ until the United States wisely decided to 
attack 'that stopped the hard-fighting Japanese’ on their route 
to unlimited conquest. There were miany sea battles fought in’ the 
Fall of 1942—Savo Island, Cape ot Santa Cruz, Guadal- 
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canal, Tassafaronga—all names that; recall: hard-préessed;American. 


ships stopping the Japanese onslaught. In:the battle; of ‘Guadal- 


canal, for. example,,, Admiral of 


cruisers and destroyers, attacked four groups: df, enemy» ships 
containing. battleships at’ point-blank range ‘near, Lamga Point. 
One enemy ship was, sunk immediately, others were. set: on, fire, as 
more. and more  Japanesé ships» settled:to' the bottom! \ef:“Tron 
Bottom Bay”’,~-but our cruiser, Atlanta was-hit,by a torpedo. .She 
lost, power, and .a.Jap cruiser battered her unmercifully, killing 
Admiral Scott, and many;.of her crew. In a:few minutes, the 
San Francisco was.engaged: at close range; by an :enerby battleship 
and she took a (terrific beating until: the: destroyers; Leffey and 


Cushing: made.a-short-range.torpedo attacks) They- stored hits, but 


were themselves badly damaged—the Laffey sinking:: At about 
this time the enemy battleship’s fire smashéd the! San Francisco's 
bridge, killing Admiral Callahan, Captain Young and manyother 
officers and men. However, the commitinieations officer» of) the 
San Francisco was not killed—although he was seriously wounded. 
Young. Bruce McCandless command:;and' displayed 
superb initiative, again. bringing his,ship into battle against what 
he knew to.be an overwhelmingly powerful. force. He boldly ‘led 
our column of, badly, damaged ships against tne enemy with’ the 
daring and steadfastness which he knew! was: expected: of: him: by 
tradition—a; tradition/ personal initiative, estab- 


lished at Tripoli, with the: 


‘This was also-one of the many sights that Calpe "Wilkinson 
in the famous destroyer O’Bannom, wrote history: In this fierce 
battle the O'Bannon found herself surrounded by gun’ flashes’ and 
burning ships, both Americans and Suddetily of 
that hellish night) a tremendous hull loomed tptopped’ by a 


Japanese pagoda mast. ‘Wilkinson ordered—*Set ‘torpedoes fora 


spread—fire when you'are on”. The Hiyei moved closet,'to' 1800 
yards, when’ Wilkinson heard the swish, swish of torpedoes’ leav- 
ing the tubes, followed by the dill’ éxplosiony ‘which torpedoes 


make when’ they ‘hit’ a’ ‘well built’ ship Below thé waterline, “The 
Hiyéi stopped’ “then,” and ‘she ‘sank ‘that ‘same night—but the | 


O'Bannon didn’t get. off easily. She | soon. found herself, near a 
Tenyru, class cruiser. More tin. fish. were. launched. ‘More dull 


explosions were heard, and the Japanese, cruiser joined the, Hiyei. 
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.O’ Bannon ended; that! night: wounded Veterani’ She-did honor 
tothe: Mariné! Liewténaht .whosé name ‘bears—sand ishe tived 
up tothe traditions of:'the! Naval Service. whl hevhelped, 


‘Later ‘Carlson's: Marme raiders needed: 
and supplies: “Their wounded! had: tobe! evacuated) 


small group of destroyers: escorted into Kula’ Gulf ‘four’ old 
World War'l; four''stack ‘destroyers, ‘which had been converted 
to high. speed transports. ‘Amidst both’U. ‘Si and Jap: minefields, 
opposed ‘by: enemy shoré”-batteries and in sdbmarine ‘itifested 
waters-and despite a ‘three-hour harrowing’ battle—they suiccess- 
fully aceomplished 'their:mission of support ‘for’the Marines: 
‘These old \23-knot transports startedsout of Kula-and averaged 
26 knots. back to: Guadatcanal.’ That ‘speaks well for the engineer+ 
We studied “Tokyo runs which they used to 
supply: their \large starving‘ garrisons+-and we decided” to ‘try. 
General! Sherman's: tactic of the Civil ‘War—that of keeping: the 
enemy onthe horns ofa dilemma. Unfortunately, Admiral Halsey 
ordered the Gut of the “Slot” after ‘four’ orifive weeks up 
probably having ‘heard something about «nreported’ broken ‘ribs: 
My: successor, Captain Moosebrugger, on his‘very first night made 
contact with the There resulted:'the battle of Vella 
-Lavella, in which Captain Moosebrugger' most 
well-doordinated, attack sank four, enemy »destroyers without 
damage te his own, using Sherman's well-tried tactics; He demon: 
strated to the Japanese both Sherman’s two-pronged 
attack-—and) Sherman's philosophy—“‘wan.is hell! 
early, November; Admiral Halseymade. plans: to-capture:a 
on, Bougainville. It, was necessary to keep-advancing-so that 
the Japanese could not reinforce their large, harrassed: garrisons. 
The; few, ships, available had been) operating, continuously, at. high 
avith few, tender oyerhauls and . This contin; 
ous: high speed. at. fines, brought, the, most, surprising conse- 
At one, time in, the Solomon;s, campaign, 
oger Simpson’ “squadron and mine wer alternating. « on. 
attack. line. The off-duty squadron returned. to. Hathorn to fea 
Otte day when’ we Weré plished for time even more than 
dedided take'd short cut Biackére Straic: "Tt might’ 
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been mined; but we were inva hurry so! we went through the Strait 
ata vety high speed! While we were fueling Ioreteived a message 
from the beach 'to please call on 'the Commanding General of 'the 
Area, but as we had’to get’ back 'to relieve ‘Roger; ‘Iosent regrets 
with reasons, and shortly after proceeded ‘again ‘through Blackett 
Strait at high speed.’ When we relieved Roger’s'squadron T told 
him of the short eut’and hevalso went through’ at high speed— 
received: his invitation to call'on the generalregrettéd—and re- 
turned at high ‘speed. : 
thé Strait--and but fast. : Tiwees ‘gene 
This time I was invited to the General's Hendijusensie’ as: sila 
as we stood into'the Sound, and sinceowe weren't in quite such a 
rush, Taccepted and:called on him: was informed by my Army 
brother-in-arms that these dammed: destroyers had been! knocking 
down: the” ‘Army water's he ‘wanted it 
stopped isis blo dove ati 
Thereafter we’ sortied with didn’t havea 
chance to warm Roger, and he came through the Strait again ‘boil- 
ing—but that was:nothing tothe boiling of the Generali: Roger, 
I understand, triedto explain the:advantages. of periodic flushing, 
but apparently, this was outweighed: by the ‘vigorous: andembar- 
rassing drenching of ‘Army ‘privates Thereafter we both operated 
Several ‘months ot ‘high no'time 
tender overhauls and no ‘time! for‘even ‘cooling ‘off the ships’ 
engineering plants, this demonstrated again®that ‘Americanequip- 
ment, produced by! manufacturers were 
mission;''would: perform far béeyosd specifications: » Those: ships 
were subjected to unusually high'speeds and it was most fortunate 
for those of us at‘sea, that the home ‘team was turning out gear 
which would stand the unusual strain of-battle performance ‘for 
a Jong period of ‘time. I even ‘owe’ nidkname to you, for if 
you had not produced this rugged /eqitipniént;Admiral Halsey 
would never have pull my-Jeg about an 
The battle»of: Capit was foughta: 
thetbattle of: Empress Augista Bay! ‘These-few weeks were filled 
with bombardments, night raids;:air attacks and the: ustial! sleep- 
less night. ‘Everything: was ‘hurry, From) tHe mo- 
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ment our torpedoes sank, the first!two ships, this. battle: was a 


running fight, The; Japs, did the running, It was a, continuous 
battle, for.over three hours; and -resulted in’ complete defeat. of 
the Japanese force. The. spirit prevailing that night was, typified 


by the young Bluejackets who, overcome by powder fumes, were 


placed om deck: by their shipmates, and, revived by the’ fresh: air 
and sea spray, went back into the.gun mounts again to continue 
the fight. As long as Americam youth hold that tradition; and as 
long as they have: superior equipment. with ‘which: to: fight,: the 
battle of Cape St. George. i 

The story of World: War. I 
battleships in ‘the: battle. of, Surigao is well: known to-all;of you: 


These old: ships—manned ‘by valiant. sailors—prevented Japs 


from reaching our transports—and from reaching home, It must 
have been humiliating—being sunk hon the same old ye <8 
they had) “‘sunk” at Pearl Harbor. 

‘That same night, another Japanese. 
the Straits. of San Bernardino. of ‘Samar. were 16.0f our 


small “jeep” carriers, screened by destroyers and destroyer escorts, — 
This: American carrier force, under Admiral: Tom Sprague, sighted 


the strong enemy surface force at, 6:45) in the morning—-four 


battleships, seven cruisers and about nine! destroyers.,; Soon’ the 
enemy was within range of the slow CV E’s, and AdmiralSprague — 


ordered his screen to. drop back of the carriers and make: smoke. 
The destroyer Johnson found herself smothered ‘with enemy fire 
and was soon within 5-inch range of the enemy fleet. Commander 
Evans, Captain: of the Johnson, attacked with torpedoes. One 
lone destroyer, against a fleet, determined to fight, determined 
to protect the ships she was ‘screening: Soon there was devastation 
on the Johnson=—power was lost, and scores of officers and :men 
were killed» and injured; but: Vohnson: kept firing.!: Two other 
destroyers, Hoel and ‘Heermann, and a..destroyer, escort, the 


Samuel B. Roberts; launched a torpedo. attack.' The Johnson had 


ho torpedoes:left and she. was badly: damaged, but she joimed: the 
attack anyway, as’ best she could, so as to draw fire,ffom ‘the 
enemy and to/support her division mate ‘with counterfire: These 
very small ships closed: to !within 2000: yards of:-the’ enemy 
fired their torpedoes. “Every man -m:those ships: knew: when they 


started’ their: attack: that there was:nho small 
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force would come! out iof a battle against ‘a fleet; but they went in 
with steadfastness,! skill. and enthusiasm, sacrificing: themselves 
for the common good. Their powerful little attack was successful 
and the enemy turned, thereby giving:our baby flattops ‘more time 
in which 'to-Clear. » was not enough, and Japanese, soon 
overtook 'the Gambier Bay, commanded:by Captain 'Viewig:: She 
‘was hit and disabled but’ contiriued to fight «with sher' one’ 5-inch 
gun. ‘The enemy bore down on the remaining Anierican flotilla 
and Commander Kintberger in Hoel, and Commander Copeland 
im Samuel B. Roberts, and Commander! Hathaway: in Heermann, 
again made'a'desperate torpedo attack. ‘They had no :torpédoes 
now ; they had all been fired, but:the Japs: did:-not know it,andi the 
Japanese turned: '‘Phey didn’t like these little fellows ‘who could 
fight so hard and‘ who showed: no fears‘The Johnson; Hoel: and 
Roberts were sunk along with Gambier Bay, but their cotitageous 
attacks, their dry rvns on a feint which imeant: death, sawed: the 
rest of their: force::They, along «with: the: pilots»of the -planes 
from’ the “jeep” carriers, who «made! many! dry after their 
torpedoes had been: launched, once’ again: demonstrated: the |im- 
portance’ of mutual» support and: cooperation, ‘even | unto;' death. 
At Okinawa, it owas necessary establish: Destroyer:;Radar 
Picket Stations in order that our planes might-be properly directed 
to destroy the enemy Kamikaze attacks: These destroyers took a 
terrific beating and on one station to! the:northwest:iof Okisiawa, 
a ‘destroyer was ‘sunk on each "of ofive ‘successive: adays; The 
destroyer which: took that station om ‘the! sixth day) ‘knew. (there 
was little chance of returning, yet its a¢cknowledgmentiof the,order 
‘was avcheerful “Wilco”. The captaiit»realized the importance of 
his duty and he took his station with the same courage, his 
predecessors had shown. Perhaps:the story;of one young-etisign, 
whose name is: unknown, in one of these destroyers :might;show 
the spirit with which these lads fought.: After a:heavy! attdck,on 
orie of the pickets, I heard the CombatJn formation Center iri)that 
picket: report—“Have ‘been attacked «planes. All 
officers killed -but'me.’ will.do-the est ican.on 
the next attack—forgive me for the to make’. 
ship was stink and the young utiknown went down; with 
itin the next'attack, but he added his: bit to: the traditions of) the 
Navy and his spirit will be followed ini the future by other. young 
Americans who will fight for the freedom of their -country..:::::., 
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Phis war:was' fought:by many men ‘who fought:in many ways— 
this»war was won because all:hands did their best to help. :Men: in 
‘combat »would -have been |helpless; without excellent, equipment 
‘supplied -by;mnen and! womenivat home!:working together; with 
enthusiasm; All hands. in:thes Navy appreciate the!leadership of 
anembers-of the Society of Naval -Engineers:in directing 
the’ -scientifio:and industrial the’ country’ inte: channels 
which the-meanss :with, which to fight:a su¢cessful 
‘combat team can be dimitted: or neglected-without grave danger 
of losmg. Productioniof good équipnient iearly enough to:be used 
function |of-modeth war las combat: 
‘man. determine: just» who ‘is: ‘the: member \of 
team, The reldtive importance of)the various components 
nationabcomibat team:chdages from time to:time just'.as the nela- 
tive importance the!various wedpons, <hanges under changing 
‘coriditions, stressed -theractions the surface Navy to- 
night; butotheir actsiof: heroism: were duplicated. by stbmariners, 
by*aviators, by the:Marines and ‘our friends; the: Army. Let 
no ‘man doubt the'-effectiveness:or the importance of:iall com- 
‘ponents, |The swimmer: ofj:an ‘under! water demolition }téam, 
‘swimming’ ‘silently-imto an!-enemy: ‘beach in the .dead of) night, 
tackles ‘his dangerous ‘task because he knows jits: accomplishment 
will save dives of) the landing force! tomorrow: The-small 
‘PT a: battleshipdoes: knowing »he) is: carrying 
‘out ‘his part/in:the plan: It is:important that all coniponents :of 
‘our team do'theit work welljin order that other component may 
:these-war episodes ‘havesniow | become -history. “They, are 
importantimemories++they ate lessons to be remembered-—they 
are Naval traditions, | It is'important, however,' that: we not fight 
another war with plans: miade! for. this: one.) We-want ;peace:, But 
‘we won't haverpeacé if we igrow:weak-and pussillanimous;., Dhe 
United States:has duties and obligations. We have responsi- 
bilities of a strong: ration, but we cannot fulfili those wesponsibili- 
ties: unless we are: strong: We can be strong, with the, continued 
‘help of those who turned: out!superior equipment ‘at record speed 
daring ‘the wat—=without’ that help—withdut that member:of 
team-+weare edt 10% live 
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iti blirls bas asthows agen trove tent 
Mr. ‘Secretary, ! TLeastmaster;: Membersof! the “Navy arid 
vo don’t know how wouldsay that any Uther way. tS 
always’ somebody who ‘tries to misititérpret things: ‘Nevertheless, 
sunderstand that this'great Society is ittade Gp of members of the 
Navy and membéers ofthe civilian’ groups that they have fated 
ithe civilians under three ‘héadings the manufattuters, those 
who carry out! ir a modest degree of sincerity the designs oF the 
‘Navy ; the suppliers, people who take things that a joint 
design of the Navy and the manufacturers» and Wie veridors: thidse 
people who'try'to self to’thé! Navy things which 'théy don’t watt. 
‘There may ‘be some ‘other ‘classifications, but the 
understand are the’ three major divisions. “When the 
was talking about ‘the surface ships, when ‘he! talked about the 
marvelous traditiom of the: Navy, :and,:iho someof! those stories, 
when he said this was:carrying out Navab tradition, it 'was: Naval 
tradition, brought -up.te date best! that engineering and 
manufacturing and, all, of; the other. fagtors,.could bring) imto, it. 
So, the traditions improve and can be added to, as _well-as.can the 
mechanisms and the designs, because, cach pew. factor thal st 
duced into the material end of the thing will carry along with it a 
‘ew factor Of tradition, which becomes 4n iniprovement, an addj- 
UN GW.” “graciously assigned “me the ‘subject of 
“Pygineéting Horizons.” Tt to thirlg’ at 4 time 
Tike this when the Worlds settled back Phe ‘perfect rotitine OF 
peace and aftéra great’ conflict Hittle and see 
where we that we ‘camp them devise) perhaps, ‘and 
jook-forward tovthé kind of things that adn orgattization like eis 
shouid ddr! cinsinsditto seed? boo’ 
wat we/spéent somethifig like hundred "billion 
dollars. Now, since of dat adding’ carry Out that 
far; don’t) uriderstand what! that miéans; but ol widerstand 
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that there are about billion; peoplejin world, That would 
mean that we, spent $300.00 for every man, woman and child in 
the world, including thé ‘Hottentots. And, speaking of the Hotten- 
tots, they have brought about one of the greatest economic dis- 
coveries that has ever been made; in fact I do not. know but what 
ithis discovery: in. economics! is:secondonly tdthe atomic bomb, 
because it has been found out very recently that if you are going 
to.supply that quart of milk every day to the,Hottentots that you 
haye.to,have a.cow, and that. seems to, have, been.a:very, very, 
unexpected discovery.,.¥ou know when. you.can) do; this, they call 
it, imagineering——there ate several kinds of;it—-there is' that with 
and without experience the. difference, between experienced 
imagineering.and inexperienced. imagineering .is: that, the experi- 
enced. fellow. has had a;customer, We never figure the Navy.is/a 
customer, of course, because the Navy.is not a,thing apart from 


the rest,of us,and it is.just|as much our, Navy 


officers... If we,don’t.,doour) part, well,.why.,they can’t-do, their 
Part. well, Therefore, in the Navy today and in that great accom- 
plishment of, the last. war, we saw every:phase of human telation- 
ship from elementary- education to advanced education, from this, 
that and the other 'thing; utilizing every one‘of the factors which 
was available'in our’ kind of a ‘country. We'prepated' for war by 
We’ sometimes ‘iisginterpret ‘the’ ‘word’ 


politically ‘i is a ‘Jong way wot ‘spelling ‘votes, and that’s all; but 


democracy it in an enterprising country like our is one in which, we 
have continugus elections every day, The stores up and down the 
street are the, voting, boaths,. The manufacturers that.come down 
here, and. present, their things to the, Armed;Forces,are.all engaged 
in a continuous election, and it depends. whether they. buy. this or 


that im the,store:asi to; whether-or not they elect:the»concern that 


makes jit;,even though they don’t know who they are;:and \some- 


_ times I think it is a good thing. These advertisements in thé paper 


—they ‘are political advertisements—-they’re for;-you 

~No-other country im-the wofld, of like our: stands 
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is today strong’ and vigorous after this ‘great ‘cotiflict: "We ‘some- 
tines say, “Well, we'were just fortunate’ in’ fot having any of 
cities destroyed’ or bombed or ‘all that “kind of thing”! We-want 
to be sure that we undérstand what that means, ‘bécause’ with ‘an 
expenditure of six hundred billion dollars (and T believe there is’ a 
slight residue ‘debt ' left over); you'll “out” that “you could: 
replace Washington; New York, Philadelphia, Chicagovand several 
other points east and west and have’ enough left Over to ‘build: 
good Navy. We did lose and'‘we want to récognize what we lost, 
but what did we get for the money we ‘Spent? Well, we say we 
won a victory. We won a marvelous victory... And to the ‘Navy 
ould go all the’ types . of honorable expression, of appreciation 
that can possibly be written, We won a victory, which insured to 
us the kind of. a thing that we were before the war, that we could 
go | ahead and do what we wanted to do, we could make and try to 
sell, we, could invent, we, could. do all. of, those things ; and. after 
the war wasvover.a strange kind of a residue odor came over our 
country which said, that it was.impolitefor.a;country fight and 
retain the degree of freedom that we had gained. | And, therefore, 
for some reason, it, became: almost ;disrespectable) to. be a good 
manufacturer, a.good inventor, a good engineer, ete., because those 
people did that thing, for .profit.. And what is’profit. when you.get 
the economist to, define it? |It.is the difference between the sheriff 
and the ship, I should; say,, It is the; difference; between going 
concerns that can afford to go:ahead, advance, ‘bring,in new ideas 
and those which stand still... I’ve always said that the only, differ- 
ence between a red balance sheet and)a black one|was;that-the red 
are the boo’s of the community, and the black is) the applause of 
your customers,; because, if they, didn’t: like; you,!.and. if syour 
product wasn't right, you wouldn’t have it black,, So'weneed to 
think here of a going concern, of the greatest nation in the world 
which has gone through this war and still has the\ability:to,go 
ahead and reconstruct.and.to, plan, and.to-try: to. have, some new 
horizons and a recognition that the final line has not yet. been: written: 
_ So, what are these mew engineering. horizons? It's perfectly 
simple if you read magazines to find: out! that-evérything “that 
we have is gone—it's antiquated. I presumie:if judged from 
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current, magazine. articles, whose’ authors 1 haven't questioned 
that this will be, the last report)om surface, ships that ‘will ever: be 
made... I/presume that submarines are. gone,' and! therefore: this 
appropriation which .we seem feel, the Navy needs /to,contiriue 
its active thinking only, wanécessary- ‘made: work’; 
so, to, speak, until, the magicians, cam pull all this.stuff) out: ofthe 
hat... I ;have. been, in. /this engineering, game ong’ to 
know. that these developments are scattered along the great high- 
way, of time in rather. small bits, and they,-don’t,gome,in great 
chunks so that all of a sudden you, can unload the wagons, with 
what, you have and put on the new loads and go ahead. And, of 
course, my idea’ of’ the horizons ‘of engineering is that we shall 
continue ‘todd the Best we can with everything we shave and, in i 

addition, have ait open inind to the new things “Bg are coming ih 
thing that comes in, always comes in with a prejt judice. 
happeti'‘to have knéwn the history of the’ aircraft business from 
the time it’ started ‘because thé Wrights were’ Dayton and 
knew the Wright brothers when’ they were neighbors.” Of 
course you all retiembet the ‘classical ‘story ‘as to’ Why they went'to 
Kittyhawk—which brifigs*ih the ‘very’ iniportant’ stibject Sta/ 
tisties. They! wrote’ to the Post Onice Departrient to otit 
where they could go where they might have ‘average wind! of 
30: miles hour.’"The Post Office Department; T believe, was'the 
Weather Department at'that time, and after ‘Several’ weeks’ delay 
this Department told ‘them ‘at’ Kittyhawk Atid ‘so! 'that’is. ‘the 
reason’ they went there” The Wrights said the’ figures’ were’ abso- 
lutely rig¢ht—#t blew! 60: miles! ‘orie Uay and was’ calm the’ next: 
Of course; itchad been definitely demonstrated that a heavier than 
air couldn’t fly; so theymade that successful flight 
down therealong: in the! middle of December they flew ‘four or 
fivé times’ in “one day.’ interesting to note that’ their’ fitst 
flight was quite alittle bit'less' than‘ the wing span of our largest 
airplanes ‘today! So they ‘wired ‘home to'their sister and said 
“We've beety very’ sticcessful with! oir power flights, we're very 
happy anid we are'going to-be-home’ for Christmas”. So when’ the 
sister got the! telegrams shethought that-would certainly be’a great 
news itenv’she:called the newspapers in Dayton and ‘the boys ‘were 
playing -pimochle the telephdne ‘rang ‘and finally the 


~ 
on 
= 
> 
— 


fellow ‘took up: the phone said “Thissis, 
Katherine Wright”, and she read the telegram. “We havé made 
our; successful flight with power, we,are, both. very. happy; and 
we'll: be home! for, Christmas’’, The fellow, said, “Thanks so much, 
for calling; us up) I’m glad to. know, the. boys. are .going get 
home”. I’m telling you this because it had been-proyen, in; various, 
ways, that heavier, than air.machines.couldn’t fly, despite: the fact 
that before the: windows:in, which, those calculators might) have 
been working there, were birds flying, but you must..understand 
that ‘birds, were, ‘dumb; animals.,: Sometimes, can, become too 
intelligent, torinterpret such elementary things.as, that. So,.if we 
want to:haye: ‘some. new! engineering horizons, we need to look at 
some-of the-things 'that nature, has-done,; Nature has, been pretty 
clever, We: don’t know how we.raise-andlower our arms because, 
we have'a motor here,/a muscle motor; about which|nebody has 
the slighest idea of ‘how it, works—and, you have found.out if you 
read: anything: about this physiology and, meditine that if you 
don’t understand a thing»you just’ give it)a: Latinsor Greek name. 
For instance!'we' have been ‘working for years ona Tittle subject 
chloréphyt" ‘Chlorophyl'is Greek for! green’ leaf. “Hell we 
don’t more about’ it’ Greek ‘than’ We ‘do about it in 
English. “And’ then ‘we’ get’ itito’ these ‘grooves 'sonietimes? becatise 
thie” easiest thitig to do and also because don’t have to 
the’ fact that we'don’t know. | And fter we do those things 

‘Yong’ then’ they ‘become’ the'éstablished Tine. Have’ alittle 
story that’s an extremely good illustration of that-UMy‘honie’is’in 
Daytén,'I can’t job thereiso-1. have ‘te work in Detroiti/And 
Phave driven! back ‘and forth many, many -years—in fact 35 or 40 
years<so T know all the roads. Iteused to 'take'us two days to make 
that ‘trip, and now the roads: have: gotten’ better!) Soooné: of my 
associates Who has*worked with me great many years! said 
tome one day “T widérstand you drive ftom: Dayton to: Detroit in 
four hoitrs ‘and a half-or for hours and fifteen thinutes”..'l said 
“Yes, I do”. He said “I'don’t-believe it”, h-know Dama 
damn’ sight better drivet youiare and can'tode it! in: that 
length: of “Why don’t youlgo along 
withimé Friday ?”/So we went ‘down land we slid! intooDayton. in 
four Hours and ffteem minutes” He said: ne: wonder: you 


do! it you dont stay on 
Route 25") 

ritory on the'sides of the roads.’ There is one thing about ‘nature— 
she has never subdivided her responsibilities. If she is going to 
make tree'she doesn’t call in an’ engineer, a biologist,'a physiolo- 
gist, etc. ; if she did, as you perhaps know, you wouldn't have any 
trees because you'd/never get any agreement. | Admiral King and I 
were just talking about that article which appeared in a recent 
number of your Jourwat here, in which the fellow analyzed the 
efficienciés of Committees. I believe he arrived ‘at the! conclusion 
that the best committee in the world would be one and a half men. 
I read the:article and it is'a°very, very learned ‘treatise: A minor 
discussion Tthink is permissible ‘at this time as. to: why the half 
man got‘in'there. ‘He’s‘to take’the responsibility, im case the whole 
man is wrong! But; nevertheless, when we see 'the accomplishment 
of the Navy, when wesee what: was done’ and: all: the various 
kinds: of ships: and equipment: that, were produced,:it covers the 
whole list. When. we see these: billions of ;dollars that were spent 
in that, kind of stuff;for the Navy, 
(that is before .taxes and, renegotiation, of, course,.and,,I don’t 
think there-were any. Government surpluses.at that; time either), 
when we/see! what we-are able to.do, in a, dountry that was purely 
an. industrial ;country, then I think .we see the, significance of 
having a strong know and plan. 
needs ta be 

‘Phis:gang!of and zendors or whatever 
we are here; Mr. Secretary, cam make, any damn thing that, you 
fellows: want, if you'll give couple days,netice,,. So you 
can pitch your. ideas just.as:high as you. care to—-you can imagine 
the things that: you’d Jike;to do—you can, imagine, what .a. Navy. 
would if: it: were all things ‘that all, the, theoretical people can 
compile. If, you'll let us have afew days, 
that .will-make it difficult, for them at least, 

‘o'The: Japanese: had their plans. well. 
rubber tired industry and they knew.that, we’ would, have a) very 
difficult time igetting along if:we didn’t have rubber,,.And they did 
the most strategi¢ thing) in the world, when, they cut our rubber 
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supply off, But they 50/or 
100 tons of what everybody. said was a very poor grade. of synthetic 
rubber before, but that had given us a little practice, a little idea of 
what could be done. And that.synthetic rubber program was one of 
the most important techpicabthings that‘was ever done. ‘i’here was 
a great deal of fuss, gf gourse,.as to whe' er it ought to be made 
out of oil, or whethet it ought to be made‘o it of alcohol, but there 
wasn’t any real fundamental technical, ceasons back of that, there 
were just more farmérs that could Vote than there were refiners. 
But, nevertheless, we ot a fineMot of Sypthetic rubber and we 
went along about our business. ‘But if we hadn’t had that little, 
if you hadn’t had your Nayal research: faboratories, if hadn’t 
been trying radar, if you hadii’t’been trying this, if you hadn’t 
had a sample, no matter how incomplete it was, you couldn’t 
have done what we did. So, if we’ are to write the picture of the 
horizons of the future for engineering: and for the Navy and for 
research and for everything else, let’s look as\far as we'can, let’s 
think, let’s argue, let’s talk—and let’s fight to°get enough ‘appro- 
priations that these men can have those elementary samples, so that 
we can haye everything that — be agen He to a more in- 
telligent population than we .. 

This country containis six per cent of the ppl of the world. 
Ithas60% or 70% of this and 70% of that. We have 21 telephones 
per hundred population—they’ re not available at the present time, 
but we still have them. ‘There is a great. country with which we are 
having some slight argument today that has eight-tenths of. one 
‘telephone per hundred and they’re not allowed. to use that one 
either. We have these things which no country in the world eyer 
had. If I were a young man,.I’d try to be a salesman, I’dtry to 
_go out and sell back to this great community of one hundred forty 
million people, the. greatest organization of engineers, of! people, 
of schools and everything else that:the ever’ ander 
the name of the United States of A 

Shown on page 284 is an ‘illustration of the fapel dah “of the 

Society.. It is believed that it will be. conceded that this i is a 


very fine, dignified insignia. . Tt is. one-half inch, in diameter. 
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